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o EXECUTIVE SUMMARY
0‘
"
0
> This thesis demonstrates the use o©of computer
simulation to model the U.S. Army Corps of Engineer's
} construction change order processing procedures. A
;j generalized stochastic network based on the SIMSCRIPT
I1.5 discrete event simulation programming language is
3 presented. This experiment springs from an original
<
t study conducted at the U.S. Army Construction
1
. Engineering Research Laboratory in 1977. Change orders
D)
o are tracked from their inception through their final
LY
o approval. From this an understanding of the contract
process is gained and recommendations for process
-
E improvement are made.
‘9 The five basic research steps were: development
and verification of the simulation model, obtaining data
:: on the actual process, data analysis and regression
K model development, model-data synthesis, and sensitivity
L]
' analysis. Models were constructed in a succession from a
g .
& xii
»
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skeletal model used to check the process flow control
structure, to a data-based model that was used to study
the actual process. The Ramberg-Schmeiser percentile
probability distribution was used to model all process
activities and linear regression models were developed
to assist in the construction of the final simulation
model as well as serving as a means of verifying the
credibility of the simulation output. The last stage of
the experiment involved conducting a sensitivity
analysis of the simulation model to get a feel for its
robustness.

Conclusions consisted of the determination that
computer simulation could indeed be used to effectively
model construction processes such as the processing of
change orders, the conclusion that such problems are
best attacked by a combined team with expertise in key
problem areas, the realization that with a developed
model, the actual simulation gaming process was quite
simple to execute and finally it was found that Resident
Contracting Officer approval authority set at the
$50,000 level might result in overall process time
savings. Research recommendations consisted of the need
to examin the relationship between change order

processing time and overall project cost and the

xiii
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relationship between regression and simulation model
results. A recommendation to persue more user friendly
simulation and data base programs was also offered. The
final conclusion was that computer simulation can
effectively be utilized to solve construction management
problems provided that adequate model development and
supervisory expertise is made available. At present,
simulation does not appear to be a tool that is easily

used by the layman.
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AN CHAPTER 1

INTRODUCTION

% 1.1 Backround

The research reported in this thesis uses one new

a ¥ technology, computer simulation, to investigate
e
#\ construction time reductions which might be realized by
.l B
changing staffing and/or policies concerning contract

Cal
L modifications. No stone should be 1left unturned in
;: searching for ways to reduce the time and cost of
. constructing new military facilities.

a4
j:g The Army of the 1980's and 1998's will require
My modernization of an aging physical plant (in excess
frﬁ of 30 years) and new facilities to support much
th more complex technical systems. New facilities to
5 be provided and existing facilities to be
- upgraded have created a backlog of needed
o facilities. Increased funding is currently
,‘q programmed to meet this backlog; however, the
1S rate at which this can be accomplished is
1SS
-y constrained by high construction costs and the
. time required to deliver the new facilities.
whi New facility planning, design, construction and

" construction management technologies are needed to
‘f: increase the Corp's [U.S. Army Corps of Engineers]
o productivity and reduce the time needed to deliver
(Kal new facilities (Department of the Army, 1985).

j, Since most of the facilities mentioned above will
W
';Q be constructed through the use of fixed~price con-
- ,
2] struction contracts and since those contracts will
gy 1
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typically require modifications to insure that the
facilities function properly and meet user needs, it
seemed logical to experiment with the Army Corps of
Engineer's current contract modification processing
procedures to see where time and money could be saved
(O0'Connor 1977, p. 7). Because of the long term nature
and the large dollar values involved in the
modifications process, direct experimentation was
considered to be impractical. Computer simulation
however, provided a suitable alternative approach to the
problem and in 1977 an initial study was conducted by
the U.S. Construction Engineering Research Laboratory
(CERL) under the In-house Laboratory Research Program.

The original study was entitled Modifications

Processing Procedures: A Generalized Stochastic Network

Model (O'Connor, 1977). That study was a first-pass,
best estimate attempt to examine the Army Corps of
Engineers' contract modifications processing procedures
using computer simulation (O'Connor 1985). Change Order
processing under Contract General Provisions Clause
3--Changes (GP-3) of the U.S. Army Corps of Engineer's
Construction Contract was modeled to demonstrate how
mathematical modeling could be applied to Corps of
Engineers' operations (O'Connor 1977, p. 11). As good as

the original study was, its scope was limited due to
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o budget constraints and it was felt that given additional
*33 resources, refinements in the areas of model sensitivity
;£: and real data validation should be attempted. Using the
§§ original study as the starting point, the research
?& project reported in this thesis was undertaken.
:Ii 1.2 Problem Definition
,;E The major question to be addressed in this thesis
.j? is as follows: "Can the U.S. Army Corps of Engineers
i procedures for processing contract modifications,
by
;&; specifically Change Orders, be reliably modeled using
ﬁaé computer simulation so that leaders can use the
.ge simulation to develop policy decisions that reduce the
o
?ﬁ overall time and cost of fixed-price construction
:b; contracts?"

L 1.3 Nomenclature

s As this research deals with a military processing
N system as well a computer simulation language, both of
»ﬂh which involve many terms that are used in an unusual
iy context, certain key terms and and common acronyms are
::F defined at this point for the reader's benefit. Other
e terms with a more local significance will be defined in

> their appropriate sections.
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& CERL Model: Constant reference will be made to the
Yo

,-;.E original simulation, conducted in 1977. This model will
Jf henceforth be referred to as the CERL model (O'Connor,
. 1977).

(

N

3

P )

) New Model: This was the simulation model which was
X developed by the author as a result of this research.

"W

X AMPRS: This acronym stands for the Automated
- Management and Progress Reporting System. This was the
i" database from which much of the research data was
R obtained (Perine, 1986).

‘.’

oS SAS: This acronym stands for the Statistical
<.

s Analysis System which was used to perform most of the
| AMPRS data analysis as well as multiple linear
>

¢ regression analysis(SAS Institute, 1982).

5

0.3

o3 BMDP: This was another statistical analysis
.

- . . «

;% package used by Bio Medical Engineers to perform
4 nonlinear regression analysis (Dixon, W.J, 1981).

&

i

s SIMSCRIPT 1I1I1.5: This is the name of the simulation
)

K language used to model the modifications processing
7 procedure on the IBM Systems 370 mainframe computer
‘hl

.
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i‘g;. (Kiviat, 1983).
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‘
LS RS Distribution: This is the abreviation used by
;§~ the author when referring to the Ramberg-Schmeiser
',. S
W percentile  probability distribution, which was used to
-8,
"‘I )
ey model the many random variables found in the simulation
S0 program (Dudewicz, 1979).
0
g
W
W
Yool Change order: A construction contract modification
y;a which requires the contractor to accomplish work
A
I;j{ different from that required by the existing contract
+R i
ats documents where changed work requirements fall under the
»3 general scope of the contract and within the physical
g
'
- limits of the construction site(Department of the Army,
D "'l,'
oy 1976). In this case the dollar value of change orders
‘\: was limited to less than $100,000. Throughout this
M
A
Eﬁ thesis the terms modification and change order are used
J’.‘J'

interchangably.

Activity: The term Activity refers to any of the
various processing stages of a change order. Normally
activities will take the form of a random variable in

the simulation model.
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oy Process/Process Routine: A process represents an
‘jg object and a sequence of actions it experiences
N .
¥ throughout its life in the model and a process routine
ﬁf: may be thought of as a sequence of interrelated events
W .

AN

% separated by lapses in time (Russell 1983, p. 2-3). In
o
Yol . . .

: the simulation model the change orders along with the
O;E procedures used to prepare them, may be thought of as a
‘f:{ "process." The simulation program uses several process
AN
b, . . ; . .

L routines which embody the logic description for
K processing change orders (Russell 1983, p. 2-8). In
3 other words, they control what "activities" are to be
L performed at any given time throughout the simulation
‘§2$ program.

b

4 L

. Sensitivity (Analysis): This term will commonly be

L} used by the author in reference to the degree of model
10
FeY
o response to the changes of simulation model parameters.
b

s
s
Sty Field Change/Staff: Field changes include all
) changes identified and/or initiated by the project
rﬁi Resident Office staff or contractor. The Resident Office
f\.°
oy
?5, is located on or near the actual project site and is
o under the supervision of the Resident Engineer (RE)
5 (0'Connor 1977, p. 13).
o p
o
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District Changes/Staff: These are all changes

initiated by the District Office staff or by the
potential user of the facility being constructed. The
District Office is the headquarters under which the
Resident Offices receive command guidance. The District
Engineer is the individual who has actual contracting
authority and serves as the Contracting Officer (CO) for

the Corp District (O'Connor 1977, p. 13).

1.4 Objectives

Given the major gquestion stated above (Problem
Definition), the following specific objectives were

established to help this research:

1. Update the CERL model, using AMPRS data, to model
the various activities involved in change order
processing as random variables and compare the results
obtained with those based on the original set of

assumptions (O'Connor 1985);

2. Conduct a sensitivity analysis on the new model to
obtain a measure of the model's robustness (O'Connor

1985); and
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;: 3. Based on the research, offer comments to the U.S.

<§ Army Corps of Engineer's pertaining to contract

" modifications and claims procedures and management of
X the AMPRS data base.

i

ns 1.5 Scope

As with the original CERL study, this thesis will

>
-

-

e

"illustrate the capability of generalized stochastic
o network models to realistically model the «critical
features involved in the processing of modifications and

claims. It does not include all activities required for

BV i A .

processing modifications and claims; however, it does
§ contain enough activities to exemplify the omitted
£ activities and the structural relationship between those
‘E

activities"(0O'Connor 1977 p. 11). 1In contrast to the
fq original study, this thesis will be confined to process
f
;: cycle time rather than approximating process cost. This
19
- . . i e sy s .
. will not seriously diminish the study's utility as it
ri could be effectively argued that the costs associated
A
L with change order processing could be modeled as a
' function of cycle time.
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¢ CHAPTER I1I
o METHODOLOGY

2.1 Introduction

? Having discussed the backround for this research,
‘i the basic problem and the research objectives, it is now
. time to examine the approach to the research - the
.{ methodology. Since the development of the simulation
:i model was such a complex undertaking, the research was
f divided into several phases, each containing its own
; action sequence. The five basic steps were: development
:g and verification of the simulation model, obtaining data
i? on the actual process, data analysis and regression
N model development, model-data synthesis, and sensitivity
‘i analysis. These steps are presented in the order of
%i their occurrence along with an overview of their
‘N execution.
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2.2 Development and Verification of the Simulation

Model

In order to insure that the simulation model did
indeed perform as expected, the model evolved through a
process of incremental refinement and verification. This
was necessary, as it became clear early on in the
research that it was possible to write a simulation
program which, on the surface, appeared to be adequate,
yet upon further scrutiny was found to be extremely
flawegd. The procedure stated briefly consisted of
starting with a deterministic model patterning the
process control structure, followed by a model of the
stochastic processes involved the RS distribution, then
a model used to duplicate the CERL experiment and
finally the construction of the new model based on
actual data. At each development stage a series a
verification checks were made to insure that the model
was operating properly. An overview of each development
stage will now be presented.

The first simulation model constructed was designed
to model all of the various processing flow patterns
that a change order could undergo. In other words, it
was used to check the logic of the main process routine
used in the simulation program. Instead of modelling the

activities encompassing change order processing as

«_.
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;iﬁ random variables, the activity durations were held

255 constant at their respective mean values. The only

e random processes allowed to occur were those which

;'Q allowed for alternative processing flow. For example, it

uﬁ; was possible for a change order proposal to be accepted
T

i¢ s with or without negotiation between the field staff and

-;ﬁ the contractor. Each branch had an associated probaility

P

;Iﬁ; of occurence and depending on the value of a random

t'j number called up by the program, the change order would
: follow one of two possible routings. A listing of this
;;i' program is contained in appendix A.

_ Verification of this program was conducted by

s:§3 printing out the results of each change order processed,

'iﬁ; along with all of the characteristics assigned to that

ht- particular change. These characteristics, such as base
_}S price, lead time, and type, are known as process

;235 attributes and will be discussed in chapter three.
2

ﬁfﬁ (Process attributes are similar to subscripted variables

assigned to each change order and carry its key

information throughout the program.) This printout

technique was used to insure that important program
- information was not being destroyed until its need was
o ended. The printout was then cross checked using a flow
. chart used to calculate possible outcomes, thereby

iy seeing if the final results were logical. No queuing was
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‘:) involved so any final cycle time was a sum of the mean

Sg values of the activities present in the model along a

Ef given processing flow path.

;‘ In the second stage of model development, a
,

‘fﬁ simulation program subroutine, used to model the RS

K distribution, was installed. Actually, the subroutine

o handled all of the random variables used in the program

;ﬁ and this subroutine served as the heart of all

'2 stochastic processes in the simulation. Given its

S importance, it was necessary to make absolutely sure

S

:?E that this subprogram was properly called up for use and

- that its outputs were correct. The use of the RS

Zf: distribution to model the various activities in the

;ES model will be covered in detail in chapters three and

5?: four. For now, it is only necessary to understand that

§§ the constant values previously used to model activities

:E: were replaced by a subroutine and several sets of

:;i distribution parameters and then verification checks

?% were performed on the revised model.

:gg Verification of the second stage model was again

gt accomplished through the use of specialized printouts. A

:zj copy ©of this program and a sample output is provided in

AN

.éz appendix A. Basically, the test consisted of causing the

‘#' output of every RS distribution, labeled RS1, RS2, RS3,

ié§ etc., to be printed as it occurred in the program. This

lﬁb
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:‘Q way, the distribution values could be checked for
1 5%
Hﬁ% reasonableness and the call order of the subroutine
' -
) e : .
%“ could be verified. Along with these items, the change
;\i order attributes were also printed so that a complete
‘.; 'Y . N
’ti picture of program operation was generated.
AN A
N . .
vy After the simulation program control structure and
o probability distribution subroutine were verified, the
‘I.-.'n
SASE next logical step was to pick up where the CERL research
7“'? ended. It was necessary to insure that the results
I obtained using the new simulation model would closely
o
::{Q approximate those of the CERL model and therefore, the
AN
« ¥
YN CERL model was duplicated wusing the RS distribution
3\3 subroutine and the SIMSCRIPT 1I1.5 programming language.
;fﬂl A listing of this program is provided in Appendix A and
! J':\
N the results of this step are covered in Chapter V. All
4
&&. six of the original experiments were run on the computer
L .." -t
:}: and the results were compared.
e
Foly The final stage was the development of the data
" based program which the author refers to as the new
f}f model. It was constructed by substituting RS
T distribution parameters, based on AMPRS data, into the
;j;f stage three model. There were actually two versions of
R
-_'_«.'_ . N N s :
EQ} this program, differing only by the final printed output
- |
N produced. Both programs are listed in Appendix A along
L&: with their sample outputs. One version provided a
Y
N
o
v,
O A
o
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complete printout of change order attributes as each
change order was completed. This output was too
extensive to have printed for a high number of
simulation iterations so the other version printed only
simple descriptive statistics on cycle time and
queuing. As an additional check to see that the output
received was reasonable, use of the special histogram
generating feature of SIMSCRIPT 11.5 was incorporated
(Larew 1986). This model was then used for all other

experimentation.

2.3 Obtaining Data on the Actual Process

The data for this research was obtained from the
U.S. Army Corps of Engineers Baltimore District, Capitol
Area Office, located at Fort Belvoir, Virginia. The data
was contained in both office files and the area office's
AMPRS data base. Both of these sources were crossmatched
to insure that any key punch errors were caught. Also,
both sources were required to get a complete list of all
items needed to model the activities of the
modifications process. Files were drawn at random,
certain information was extracted and then the AMPRS
data base, stored on a personal computer, was accessed
and the same modifications were called up. Information

common to both sources was checked for agreement and

L S T
T T P T I R M
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iﬂ items with discrepancies were rechecked to obtain the |
E% most accurate data possible. All data was then loaded
o into the Statistical Analysis System (SAS) for future
fi reference. A listing of the data used in this research
é&; is provided in Appendix B.

;%q 2.4 Data Analysis and the Regression Models

S;g Data analysis was conducted using SAS and BMDP for
-Jt' two reasons. First, the univariate analysis was
5} necessary to find the mean, standard deviation, skewness
tﬁi and kurtosis of all data items which corresponded to
o either process attributes or change order activity
;:i durations. The central moments, 1listed above were

fzg necessary to find the parameters used in each activity's

1

! ?T RS probability distribution. Secondly, the author
t{' decided to conduct a parallel analysis of this problem
%ﬁ; using regression techniques to provide both increased
3;- insight into the problem itself as well as to provide a

ﬁ?; cross check for the simulation model. The steps used in

?éi; conducting the data analysis are listed below.

:}E The first step was to obtain simple descriptive
;;ﬁ statistics on all of the items in the data set, which

will be referred to as model variables. This information
provided a general feel for the potential input items

~ for the simulation as well as identifying potential

.

o8

-
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e independent variables for regression analysis, in terms
3i§ of their respective frequency distributions. Next,
?;7 scatterplots of each combination of model variables were
]ﬁg plotted, to see if any obvious trends appeared to exist
:ﬁ: and once that was done a correlation matrix was
h; constructed using SAS to see if there was evidence of
:J multicolinearity.

ig Once the above steps were completed the author
.t: tried to model total change order processing time using
2 simple linear regression (SLR). The three models showing
i} the best potential, based on the author's opinion, were
'i} run and compared. From SLR, further regression analysis
25 was conducted using automatic model selection
;a' procedures including forward selection, backward
‘5: elimination and stepwise methods. Next, the SAS
t%: RSQUARE-CP procedure was used to examine all model
ES combinations in terms of their respective R2 and
.ii Mallow's CP statistic values. The author then calculated
= values for adjusted R2 values and constructed a rank
gﬁ ordering matrix, to determine the single best model for
.ii; predicting total processing time.

" Given the results of the previous steps, variable
iii transformations, particularly inverse and log transforms
::: were applied to selected variables and the automatic

N search and RSQUARE-CP procedures were again conducted.
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i From all of this a final linear model was derived using

‘fﬁ SAS. As a double check, the author used the same

iﬁ; independent variables and performed nonlinear regression
o analysis using BMDP to see if any differences in the
'“t final model were evident. The final regression model was
f}& then complete and ready for use in comparison checks
;;f with the simulation model.

¥

; {j 2.5 Synthesizing the Simulation Model With Actual Data
~$% As mentioned in the previous section, the central
#9 moments of all model variables were obtained and were
{} used in deriving the RS distributions for selected model
T:: variables. Each model variable, which corresponds to
;{3 some activity conducted in change order processing, was
- screened for potential use in the simulation and its
Eg skewness and kurtosis were used to select the four
_E%S parameters that determined its particular RS
;T distribution. Next, those parameters along with an RS

;;ﬁ subroutine call statement were inserted into the
‘jg simulation program and all together they comprised the
\iﬂ complete model for one random variable in the simulation

i}; program.
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It is important to note at this point that the data
used to duplicate the CERL model wusing the RS
distribution was not obtained from the Baltimore
District set that has been referred to but from the
original report itself. All probability distributions
shown in the report were converted to histograms, the
moments were calculated from the histograms and RS
distribution parameters were obtained. From there, the
RS distributions and the original distributions were
overlaid to insure that a proper fit was achieved. Then
those sets of RS distribution parameters were loaded
into the simulation program. In the case of both the
duplication and the new model, once the RS distribution
parameters were loaded, the simulation program was run

on the computer and the results were

2.6 Conducting the Sensitivity Analysis

The sensitivity of the simulation model was
measured for changes in the following items: the number
of total iterations of the simulation, warm up time, the
mean arrival rate of change orders, RCO authority level,
probabilities of the various activities that govern
change order processing flow, and the shapes of the
various probability distributions. The order of the list

above 1is also the sequence used in the actual

» O " d y v . L
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sensitivity tests. Combinations of changes were not
checked per sae however, the manner in which the
? evaluation was performed actually demonstrated this
effect to a limited degree. This will become clearer to
the reader in Chapter V. No results will be presented at
this t{ime as these are covered in Chapter V.
' The first sensitivity test performed was an
experiment to find out how the number of iterations
i.e., the number of change orders processed in the
simulation, affected the final results. This eventually
lead to an attempt to find the minimum amount of
simulation needed to obtain solid results. The histogram
. feature of SIMSCRIPT I1I.5 was used to gather data on the
output distribution for change order processing time to
. determine how many iterations were necessary to
. adequately model the tail values of the cycle time
E probability distribution (Larew 1986). Once this minimum
number of iterations was determined, it was wused
5 throughout all remaining experiments.

The next step in the sensitivity analysis was to
see the effects of"warm-up" (Russell 1983, p. 4-22) on
the simulation model. The concept of warm up is that
initially, all queues are empty and the first changes

orders processed will experience little or no wait time

before being serviced and have low cycle times as

N

oo

[ e




R
Ly

20

compared with those processed when all queues have
reached steady state. Since the author was interested in
analyzing change order processing in a steady state
environment, it was important to find out where all
model warm up ended and reset all statistical counters
so that only results occurring during steady state were
recorded.

The rate at which the simulation program generated
change orders was the next area examined. The author
selected to model change order arrival rates using a
Poisson probability distribution which will be explained
in Chapter III. The Poisson distribution is governed by
a single parameter, lambda, which represents the mean
rate at which change orders are generated (are ready for
processing). As this test progressed the author also
sought the lambda value which was applicable over the
widest possible range, since there was no data from
which to estimate the actual value. This value was used
in all successive tests.

RCO authority 1level is the dollar ceiling beyond
which a change order must go to a higher authority for
processing. Levels over a wide range were tested and the
results were recorded. Once again, a value for this item
was sought that would be applicable in a wide range of

situations and that value was used in successive tests.
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- There are many activities in the processing of

change orders that equate to decisions governing
processing flow. These flow branches were mathmatically

modeled by assigning a probability to each route and

<4
»

ﬁ routing items at random, accordingly. Each of these
:? branches was varied to obtain a feel for overall model
;; impact. In a similar manner the shapes of the
,ﬁ probability distribution functions was varied from
;3' J-shaped tail right, to normal, to J-shaped tail left,
= to uniform to see the respective effects on overall
;S change order processing time.

T; This concludes the methodology overview and begins
< the detailed discussion of this simulation experiment.
fé The next two chapters will examine the steps covered in
{7 this chapter, but in greater detajl. Chapter III
- concentrates on the steps most closely related to the
;E simulation program itself, while Chapter IV will
{J emphasize the data collection and analysis steps.

-
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Cal
-~ DETAILED EXAMINATION OF THE SIMULATION
|
b
» 3.1 Introduction
)
- In this chapter, the simulation model and its
A\
g development is presented. Starting with a brief
8 backround discussion, highlighting the differences
"
g between the new and CERL models, this chapter takes the
™
%
¢ reader through the model building process, from an
& examination of the modifications procedure through the
B (.

verification of the data synthesized model. Many

..I' .l' .l'

,_'\

concepts related to both the simulation program and the

modifications procedure will be presented and a great

L
L]
P )

deal of reader attention is required to sort through all

& =5
a 2.

)

of the details. For this reason, more subparagraphing is

X used to aid reader comprehension. This becomes
. particularly important while reading the section on the
.,
<
ot construction of the detailed model and its assumptions.
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,ﬁi 3.2 Backround
1
2? As stated in Chapter I, in 1977 the Construction
v Engineering Research Laboratory (CERL) conducted the
.ff original research on this subject, wusing the GASP IV
.is programming language and took a best estimate approach
" to the problem. For example, many of the random
’i} variables representing the various activities in the
;E; modifications processing procedure were modeled using
Q;: mathematical transformations in which, activity
}ﬁ durations were considered to be a function of change
{E order base price and a normally distributed variation
o term. Also, the beta distribution model, common to
;:5 that used in the Program Evaluation Review Technique
,Ei (PERT) with its shape determined by minimum, maximum and
{%2 most likely values, was used extensively in the CERL
iif model. These techniques carried strong assumptions with
:&E them that, although satisfactory for a first effort,
?;' probably would not have stood up to close inspection.
f:i The author of the CERL study (O'Connor) desired to
? perform more detailed model experimentation,
\¥i particularly in the area of sensitivity analysis, but
.is was unable due to budget limitations.
:3. This study differed from the original in two ways.

First, very few mathmatical transformations were used

and the concept of activity durations calculated as a
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function of base price was down played except in one
instance. Most activities were modeled using RS
probability distributions derived from actual data,
thereby operated more like the random variables they
represented. Secondly, The SIMSCRIPT 11.5 programming
language, as opposed to GASP 1V, was used. Although
SIMSCRIPT 11.5 is also a discrete simulation programming
language it uses several different concepts, such as the
notion of the process routine, to accomplish its
results. These programming differences required one to

approach simulation modelling in a slightly different

way.

3.3 The Contract Modifications Processing Procedure

The guide for the Corps of Engineers contract
modifications processing procedures is Engineer
Pamphlet (EP) 415-~1-2, "Modifications And Claims Guide -
Fixed Price Construction Contracts," dated October 1976.
Appendix F of this pamphlet contains a modifications and
claims flow chart and this flow chart, as it appears in
appendix E of this thesis, was modified to encompass
those activities that were modeled in the simulation.
Basically , the flow chart shows that the once the
availability of funds for a contract modification, in

this case meaning a change order as opposed to other

oY ot




25

possible forms of modifications, were established,
processing of the modification was modeled through
either a tentative agreement on a bilateral
modification, or the issuance of a unilateral
modification (O'Connor 1977, p- 11). Detailed
information on the individual activities depicted in
Appendix E will be covered later in this chapter.

The procedures established by EP 415-1-2 are
general guidelines and in actual practice, differences
are possible. In the Baltimore District, Capitol Area
Office slight differences were evident, requiring the
simulation model to be altered. For example, EP 415-1-2,
in its description of the flow chart activities, refers
to the establishment of a suspense of ten days for
contractor proposal submission. In practice, suspenses
were based on change scope and although this was quite
logical, it required the model for 1late proposal
submission in the simulation program to be altered
significantly as compared to the CERL study. The impact

of differences in the procedures used will become

evident later in this chapter.
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3.4 The SIMSCRIPT I1.5 Programming Language

Before getting into the details of the simulation
program itself, it is appropriate to cover some of the
key features of the simulation programming language
itself. SIMSCRIPT II.5 is a discrete-event, general
purpose, simulation programming language that is
marketed by CACI, Inc-Federal. One of the advanced
features of the language 1is its use of the "“process"
concept, which simplified model construction greatly.
Other special features that made the language well
suited to this problem was the ability of the user to
access several different random number streams at a
time, control random number stream seed values, the
ability reset all data counters after allowing for a
model warm uj period, and particularly important in this
particular application, it allowed the user to insert a
specialized probability distribution, such as the one
developed by Ramberg and Schmeiser. Also, the programs

were executed on the mainframe computer in a matter of

seconds.
As stated above, this was a discrete-event
simulation. Discrete simulations differ from

continous-time simulations 1in that a discrete-event

simulation describes a system 1in terms of 1logical

relationships that cause changes of state at discrete
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v points in time rather than continuously over time

N
5 (Russell 1983 p. 1-3). Because of this "the passage of
N\."

o time between events need not accurately be followed;
AN rather the passage of simulation time is driven by the
SN
\2: sequence of events, [in this model ~ the process]
:; advancing always to the time of the next significant
. event (Kiviat 1983, p. 325)." Since the primary focus of
?S; this problem was to discover ways to improve overall
ot
“Q modifications processing time and since the contract

L}

2
modifications process is inherently discrete, a discrete

ii simulation was therefore appropriate.

;5- A SIMSCRIPT 1I1.5 model contains three primary
Y \.‘

Y elements (Russell 1983, p. 2-5):

o 1. A preamble which is purely declarative and is

f; used to identify all modelling element (processes and
‘3 resources) along with the declaration of other items
» ' such as data structures, changing backround conditions,
';d and performance measurements.

[

S ' 2. A main routine which is wused to create and
W initialize all resources, which are items required by a
N process in order to proceed with its execution, and
T
NN statements used to start the simulation and print its
%ﬁ final output.
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3. A process routine for each process declared in
the preamble (see the nomenclature section for the

definition of process routine).

3.5 Detailed Model Description and the Simulation

Program

Having discussed the general research backround,

methodology, and programming language, the program
details will now be discussed. The basic program
structure is simple. It contains a preamble, a main
routine, two process routines and one subroutine. As
stated in Chapter I, this simulation model was a
simplification of the Corps of Engineers' modifications
and claims processing procedure but did contain
sufficient detail to reflect the key elements of the
system. This 1is not unusual and as Edward C. Russell
(1983, p.1-8), the author of "Building Models With
SIMSCRIPT 1II.5 states, "A model is a simplified
representation of a system, and it should incorporate
only those features of the system that are important for
the user's purposes." This guideline was adhered to in

model development. The specific details of the

simulation model are now discussed.
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The program preamble declared two processes named
Generator and Mod. Generator, as its name implies, was
used to generate the initiation of the modifications
processing procedure and could be loosely thought of as
creating individual change orders. The second process,
Mod, controlled the logic for processing change orders
through all of their various stages. Several process
attributes associated with the process Mod, were
declared in the preamble, those being: base price, lead
time, proposal preparation time, general estimate,
notice to proceed, type, initiation time and two part
indicator. The process attributes served as global
simulation variables containing the key information
describing a particular change order and were used much
like a set of subscripted variables. The details of
each of these processes will be discussed later. A
single "resource," called Staff Officer, was declared
and the following performance measures with repect to
this resource were tallied: Average gueuing time,
maximum queuing time and percent busy. In addition to
these performance measures the mean and standard
deviation of all change order cycle times were
calculated and a histogram describing the frequency
distribution of <change order cycle time was reguested.

One subroutine called RS was declared.
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jlg‘ The Main routine of the program initialized the

i%ﬁ resource Staff Officer and set the number available for

* use by the process Mod. This routine was also used to

;;N start the simulation and upon its completion, print out

s?% all performance measures declared in the preamble.

gﬁ: Special statements were added to the Main routine to
, allow for a print out of the frequency histogram.
iﬁ Finally, the activation statement for the process
géj Generator was installed in the Main routine.

R Process Generator was simply a DO LOOP control

iif structure that activated the process Mod, waited a for a

_Q?’ Poisson distributed time period and looped back to its
’ own begining to repeat the entire process again. The

. % Poisson distribution was selected to describe the random

:%ﬁ waiting time between change order initiation because its
o primary assumptions fitted this general situation quite

‘ well. First, a change order could have occured at random

i%; at any point in time. Second, the occurrence of a change

fzﬁ order in any given time interval was independent of that

-C in any other nonoverlapping time interval and finally,

:ii the occurrence of two or more change initiations in a

‘ﬁk given time interval was negligable (Ang and Tang 1975,

:EE p.114).
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Before covering the details of the process Mod,
which will be quite extensive, the following explanation
of program execution is provided to enhance reader
understanding. The main routine started the simulation
and called up the process generator. Process generator
then activated process Mod which carried out all of the
logical steps in change order processing, until the
number of iterations specified in the DO statement were
completed. Process Mod continued its operations until
all of the calls for process activation by process
generator were complete. After this point, there were no
more calls for process activation and the simulation
terminated. The Main routine then assumed program

control and printed the output of all performance

measures stored in memory during program execution,
including the histogram.

The process Mod was the key component of the
simulation in that it was within Mod that the actual
modifications processing procedure was modeled. To
describe this process, the same format as used in the
original CERL study will be followed (O'Connor 1977).
This will facilitate reader comparison of the two models
if such comparison is desired. Each activity of the
procedure flow chart, listed in Appendix E, will be

referenced and then an explanation of the model, used to
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1' approximate the behavior of the actiivity, will follow.
:5 The following convention will be used to describe the
“3 parameters of activities modeled with the RS
¥ distribution: RS(mean, standard deviation, lambdal,
ﬂ lambda2, lambda3, lambda4). The term lambda is used to
1i describe the four parameters of the RS distribution. So
ﬁ for example, if the author wishes to describe an
» activity modeled with an RS distribution, with a
é distribution mean of 25, a standard deviation of 5 and
:j lambda parameter values 1-4 of 1,1,1 and 1 respectively
he will state, “this activity was modeled using
eﬁ RS(25,5,1,1,1,1)." Also for each activity modeled in
ﬁ this way, a graphical presentation of the activity's
.a cummulative distribution function will be provided. This
- presentation will show the RS distribution, referred to
,E simply as "RS", superimposed upon the cummulative
fi distribution of the actual data, referred to as “REAL."
This will allow the reader to quickly compare the two.
‘g In the event where the RS distribu£ion was used to model
'E the beta or normal distributions of the original study,
b the RS distribution will be labelled "RSMOD", and
TQ superimposed wupon it will be the CERL model
:; distribution, called “MODEL."
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) 3.5.1 Change Order Initiation and Attributes
A Upon initiation of the process Mod by process
LN
%s: Generator, the first modelling step was to establish
252 those key information elements, known as attributes,
™ taylored to the execution of that particular process
~ ‘..
e call. In the new model the first attributes set were a
':f set of @/1 state variables. That is, the variables were
AN
set at zero until the state had changed and then their
}i? values were set to one. The variables in this category
o
:ﬁi included Notice to Proceed (NTP), General Estimate (GE),
S and Two Part Change (PART). For example, initially the
f{{ value of NTP was set at zero meaning no notice to
‘rﬂj proceed with the change had been given by the Corps of
L1 Engineers to the contractor. Once such notice had been
" given, the state variable value was set at one and the
239!
P change was processed from then on with that information
A(_".é‘
iﬁ encoded. Next, the "type" of change was established.
&
, Changes were categorized as either field or district
;xi changes, with seventy five percent being district
‘gﬁ changes. This was the same percentage as used in the
*
AR .
lyﬁ CERL model and it should be noted that the data sample
y taken was remarkably close to the estimated value, with
5 seventy six percent of the changes generated in the
.? field and twenty four percent generated at the district
. level. The variable used to record this information,
"
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TYPE, was set to a value of one for field changes and a
value of two for district changes.

The next series of attributes were set to values
determined by their respective RS distributions. The
reader is referred to figures 3.1 through 3.6 for a
graphic presentation of the cummlative distribution
functions of these variables. Change order base price
(BASE.PRICE) was set to a value of RS(5.92, 6.33, 1.311,
.4415, 4.3993, .309) for field changes and RS(14.6,
14.29, .773, .5008, 5.5245, .85032) for district
changes. Change order proposal preparation time (PROP)
was set to a value of RS(9.644, 10.85, 1.577, .3644,
19.983, .68731) for field changes and RS(16.083, 35.72,
-.381, .5732, .8965, 2.2392) for district changes. The
lead time, used to determine the critical start date of
the changed construction work, was calculated by adding
the proposal preparation time to the current simulated
time value, known in SIMSCRIPT II.5 as TIME.V. This was
done Dbecause a study of actual office practices
revealled that contractors tended to submit their

proposal for changed work as slow or as fast as they

needed to, in order to prevent themselves from
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encountering the negative cost impacts for unchanged
work. Fipally, the initiation time of the change order
was set at the current value of TIME.V. From this point

all changes were routed to activity 413 for processing.

3.5.2 Activity 413: Assemble Descriptive Change

The duration (the actual amount of éroductive
effort to perform the activity) of activity 413 was
assumed to depend on the complexity of the change order
and whether or not the change was initiated in the field
or the District. The base price of the change order was
used as a measure of complexity (O'Connor 1977, p. 15).
The duration of activity 413 was then, calculated by
multiplying a factor times BASE.PRICE. The factors used
were .25 for field changes and .125 for district
changes. In contrast with the original study, a varation
term utilizing a normal distribution with a range of
plus or minus the transform value was not used. It was
felt that the relative impact of such a term was
insignificant when compared to the total processing
times created by the model. This pattern will show up
again in the calculation of the durations of the
detailed general estimate, activities 416 and 422, well

as activities as in activities 424/425 and 440/441. The
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total impact of this model modification was only a
matter of hours relative to change orders taking days to
process. Optimally, these activities would have been
modeled wusing mathematical models derived from data but
data, in any readily usable form, was not available in
the AMPRS data base. Also, as discussed in Chapter 1V,
it was found that the corellation between base price and
the durations of actitivties, such as proposal
preparation time and review time was not very strong. In
contrast to the CERL study, each of these items was
modeled as a random variable from which a total activity
processing time was derived with no queuing being
initiated. All changes were routed to activity 414 for

further processing.

3.5.3 Activity 414: NTP Before Agreement?

Activity 414 routes change orders requiring an NTP
before agreement to activity 421 (activities 417 thru
420 were excluded from the model since only change
orders under $100,000 were involved) and change orders
not requiring an NTP before agreement to activity 415.
The need for an NTP was based on the expected time to
reach agreement and the time remaining until beginning

the modifications became critical. The expected time to

reach agreement 1is equal to the time required to issue
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the Request for Proposal (RPF), plus the time the
contractor needs to prepare his proposal, plus the
minimum amount of time required after the receipt of the
contractor's proposal to negct-iate and reach agreement.
The time required to issue the RPF was assumed to be one
hour if the change order was within the RCO's approval
authority and was assumed to average five days if the
change order was beyond the RCO's authority ... An NTP
was issued if the expected time toO reach agreement
exceeded the time remaining until the start of the
changed construction work became critical (O'Connor 1977

p- 15). If an NTP was issued, variable NTP was assigned

a value of one.

3.5.4 Activity 415: Issue RPF

As 1in the CERL model, this activity was assumed to
have a constant duration of one hour and all change
orders were routed to activity 416 upon their

completion.

3.5.5 Activity 416: Prepare a Detailed Government
Estimate

Detailed Government Estimates (GE) were assumed to
be required for all change orders exceeding the RCO's

authority. The actual duration to prepare GE's was

l
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. established in the same manner as the actual durations

“»

_;S for activity 413. All change orders not requiring a GE
;: were immediately routed to activity 430: the remainder
- were routed to activity 430 upon completion of activity
.4{ 416 (O'Connor 1977, p. 17) . The value of variable GE

A

k? was set to one for those change orders requiring a
™ general estimate.

N

gl 3.5.6 Activity 421: Issue RFP/NTP

a%_ This activity, as in the original study, was

! assumed to require a constant duration of one hour for

‘;; all change orders; however, the date on which the
.23 RPF/NTP was issued deppended on whether the RCO or CO
™ issued it. If the change was within the RCO's approval

:.; authority, it was issued immediate}y. If the CO had to
?& issue the change then a delay of RS(5, 2, -.725, .2527,
~ .0775, .3422) was incurred. This was in contrast with
R the original study, which assumed a beta distribution
:E with mode, maximum and minimum values of 5, 16 and 1
23 days respectively. All change orders were routed to
.f activity 422 upon completion of activity 421 upon
;: completion (O'Connor 1977, p. 17) .
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3.5.7 Activity 422: Prepare a Detailed Government
Estimate

The duration of this activity was calculated in the
same way as for activity 416. All changes not requiring
a GE were routed immediately to activity 423 and those
requiring the estimate had their respective GE variables
set to one and after completion of activity 422, were

routed to activity 423.

3.5.8 Activity 423: Two-Part Change?

The probability of a two part change was calculated
using the formula PROB TWO PART = 1/150 x BASE.PRICE
(3-1) and as in the original study, the probability
varied from almost zero to #.580 for a $75,000 change. If
the random probabilty called by the program was less
then or equal to this probability, then the variable
PART was set equal to one and the change order was
routed to activity 424; all others were routed to

activity 430 (O'Connor 1977, p. 18).

3.5.9 Activity 424/425: Revalidate Funds & Issue Part

One
The combined duration for activites 424 and 425 was
established in the same manner as that for activity 413,

with the average combined duration equal to 1/8 times

. -
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the base price for all change orders. All change orders
were routed to activity 43¢ (activiies 426 through 429
were excluded from the model since they are only of
minor significance) upon completion of activity 424/425

(O0'Connor 1977, p. 18).

3.5.180 Activity 430: Receive Contractor's Proposal?
This activity represents the delay, if any,
incurred while waiting for the contractor's proposal.

These durations were based on the value of the attribute

PROP, set when each change order was initiated. From
actual data analysis it was found that there was no
evidence of delays incurred from missing established
suspense dates. Therefore the probability of occurence
was reduced to one percent and there was no
differentiation made between changes which received an
early NTP and those which did not. Change: orders for
which a proposal had been received were routed to
activity 431 upon receipt of the proposal. The others,

which the contractor refused to submit in a timely

29

manner, were routed to activity 448 after waiting ten

Z) &

w W ¥

days (O'Connor 1977, p. 19).
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3.5.11 Activity 431: Is Proposal Breakdown Satifactory?

Ninety percent of the change orders were assumed to
have satisfactory breakdowns and were routed to activity
438; the remaining 19 percent were assumed
unsatisfactory and were routed to activity 432. The
duration of activity 432 was assumed to be 1 hour for

all change orders (0O'Connor 1977, p.18).

3.5.12 Activity 438: Review Contractor's Proposal

The duration for this activity was established
using RS(43.1, 50.78, 1.863, .3195, 12.398, .3429).
Since the duration was total review flow time rather
than staff processing time, no queues were activated by
the simulation program. Upon completion of activity 438,
all change orders were routed to activity 439 (O'Connor

1977, p-20).

3.5.13 Activity 439: Proposal Acceptable?

Twenty-five percent of all change orders were
assumed to have acceptable proposals and were routed to
activity 465; the remaining 75 percent were assumed to

be wunacceptable and were routed to activity 440

(0'Connor 1977, p. 20).
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3.5.14 Activity 440/441: Negotiate and Revise

The duration for these activities were calculated

upon completion processing was

as per activity 413 and

continued by activity 442.

3.5.15 Activity 442: Agreement Reached?
Ninety percent of the negotiations were assumed to
The remaining

be successful and routed activity 460.

changes were routed to activity 443.

3.5.16 Activity 443/444 NTP Before Agreement? &
Two-Part?
The criticality of starting the changed

construction work was checked in the same manner as in

activity 414. Critical change orders for which an NTP

issued were routed to 421 and

had not previously been

subsequently to activity 423; these had the same

probability, as described for activity 423, of

warranting two-part change order. Noncritical Change

Orders were routed to activity 445 (O'Connor 1977, p.

20).

......

Ty

o RGN
"K" A"n"}}' ﬁ'\{f\ J-"A:'«"i*

AR




i‘!‘i‘g
"!"‘,.
g
ot
T b
' 46
s
‘fﬁ 3.5.17 Activity 445: Negotiate Further?
LR, -
ot
;1? In contrast to the CERL model, further negotiations
q; were assumed to be warranted ninety nine per cent of the
'?- time versus eighty per cent.
n
...n /)
s 3.5.18 Activity 448: Has NTP Been Issued?
S
;ﬂk Change orders with a previosly issued NTP were
Wy
{5@ routed to activity 450, with all others routed to 449.
e
PR
;} 3.5.19 Activity 449: NTP Before Agreement?
",
B f The modelling procedure was the same as for
K2, activity 414. Critical change orders were routed to
" -_' .
s
.-Z:-;. activity 421, with all others routed to 458.
b
P
W 3.5.20 Activity 450: Review/Prepare Detailed GE
'qf All calculations were the same as activity 416.
s
. /\J"
s Changes for which a GE were prepared were routed to
4N activity 452, with all others routed to activity 452.
A5
oo,
27 . -
' 3.5.21 Activity 452: Forward to District
fﬁﬁ The duration for this activity was assumed to be a
‘-
:E constant of one hour, with follow on routing to activity
z.'.:
o 453.
-
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:1 3.5.22 Activity 453: District Meets With Contractor

l

4 This activity was modeled using RS(13, 5, -.725,
.2527, .B775, .3422), with follow on routing to activity

“a 454.

3.5.23 Activity 454: Bilateral or Unilateral?

District negotiations were assumed to have resulted

Ny
ot
L,
\Jf in a bilateral agreement ninety nine per cent of the
b
time, with the remaining one percent being unilateral
»
ol ' agreements. This was in contrast with the CERL model
.'."J
;K which assumed that ninety percent of all district
" )
negotiated changes would be bilateral. All Change Orders
\
§t were then routed to activity 465 (O'Connor 1977, p. 20).
o
139
190
" 3.5.24 Activity 465: Is Change Unilateral?
5
ﬂ?f Unilateral changes were routed to activity 478;
0
(K bilateral changes were routed to activity 466.
":?3
pla 3.5.25 Activity 466: Issue NTP (If Not Already Done)
&l
- All change orders incurred a one hour processing
— delay for final administrative processing. Bilateral
ag® 4
tk change order processing ended at this activity.
e
s
'Y
o
Pd:
5
b

€ et e ? T T P e e .
L ~

R A e e LR AT ~'::’
DRSSP DN YOS, -y PASNASIIRIA R




Qﬂ;-
e,

-
-

.

e

i s,

oty
P

+

‘\\, RN AL W L Ry
A ‘\ e, o WY, l‘:,\'\”l " X

e~ ma . g - o) Y lak_Sai 202 o0 Ao el ol ol b b Ao A a0 R-a A ath S-4 4.0 ara 4o a0 o

48

3.5.26 Activity 478: Prepare Findings of Fact
The duration for this activity followed the same
procedure as activity 413 with the factor of .125 used.

Follow on routing was to activity 479.

3.5.27 Activity 479: Issue Unilateral
A constant one hour duration was applied to all
change orders reaching this point. All processing was

completed at this point.

The RS distribution subroutine consisted of a
random number call for a probability value (p) to be

used in the formula (Larew 1976):

X(p) = mean + std. dev. x (Ll1+(pL3-(1-p)L4)/L2) (3-2)

Where std. dev. 1is the distribution standard
deviation and L1-1L4 represent the four lambda parameters
of the RS distribution. The value of X was the value of
the random variable being requested, such as time or
base price. Since it was possible for this function to
provide negative values, which would cause simulation
difficulties since use o0f negative time was not
acceptable, a programming provision which set all

negative values equal to zero, was installed. This had

-

7

-~ I LA .

‘.Qﬁ: ' . L

» -
%,

PP IR IAL R
WIS IAN
£ . ! )t

TSN
1.%.'.1..
T

.:o«~ansj

‘-‘u .St ot Lt
Al Uana v aVan




-

. — -
-’e e ol ey

49

an impact on such items as change order base price,
3 which could actually be negative. This was not a serious
\

' problem as one simply assumes all base prices to be

absolute values.

1 3.6 Verification of the Model

To conclude this chapter, it is appropriate to
briefly return to the subject of verification and relate

it to the discussion provided up to this point. One of

00 L P

the most powerful verification procedures available to
the model builder is the "“walk through" (Russell 1983,
p- 1-11). For this reason, an annotated program listing
ij is provided in Appendix F and it was developed to help
the author tie together the activities depicted in the
modifications procedure flow chart and those sections of
! the actual program, which represented those activities.
To the left of each section of the program code for the
process Mod is its flow chart activity number. This
check helped the author to find and correct any errors
in the coding of the model. For example, in the early
stages of program development the author found that
although all of the code was written to allow for the

time necessary to prepare the change proposal, the

A

specific statement calling for the simulation to wait

- that duration, was omitted. It took only seconds to

N-
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\ correct the error, but without such a check, one of the

i key variables of the program would have been left out.

3 The reader is reminded also of the verification
procedure explained in Chapter II.

A

% 3.7 Summary

* In this chapter, the simulation model, simulation
A programming language and verification steps were
N discussed. This phase of the research was particularly
z difficult in terms of the large amount of attention to

detail required in its performance. Having examined the
particulars of the simulation model, Chapter IV will now
focus on the data input aspect of the simulation
experiment. Strict attention should be paid to the
relationship between the simulation and regression
models, as well as the raw data from which they were

both derived.
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CHAPTER IV
ANALYSIS OF BALTIMORE DISTRICT (CAPTITOL AREA OFFICE)
DATA INCLUDING THE DEVELOPMENT OF ACTIVITY DISTRIBUTIONS
AND REGRESSION MODELS

4.1 Introduction

In this chapter the focus is on obtaining actual
data on the contract modifications process, its
synthesis with the simulation model using the RS
distribution and the development of regression models
used to cross-check the simulation. As stated in Chapter
I1 the data used in this research was obtained from the
U.S. Army Corps of Engineers Baltimore District, Capitol
Area Office and a date listing is provided in Appendix
B. At first glance, the data sample, which consists of
sixty five observations, may appear to be small, but the
data is of a high quality, in terms of the amount of
validation conducted in extracting it from its computer
data base and source files. Also, a comparison study
of data on processing the design changes for an 852

megawatt power plant, conducted by Liu and Chang (1986)
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revealed suprisingly similar distributions for analogous
activities, from an unrelated data base. That data base
consisted of over four hundred observations and when
compared to this research data sample tends to
substantiate that, though small, the Baltimore District
data captures the basic features, such as distribution
shape, that were necessary to describe the actual
process.

4.2 Modelling Activities With the RS Distribution

The four parameter, percentile distribution
developed by Ramberg and Schmeiser was the primary tool
used to model the random variables found in the
modifications processing procedures simulated. As stated
earlier, the procedure used consisted of finding the
four central moments of the activity to be modeled,
using the skewness and kurtosis values to find the
corresponding RS distribution lambda parameters, and
using those parameters in conjunction with the activity
mean and standard deviation in EQN 1 to find X(p). In
chapter III, while covering the simulation model an
entire series of cummulative distribution functions,
used to model the various activities was presented. At
this time, a single case from that set will be examined
in detail to provide the reader with a clear

understanding of the entire procedure.
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o The particular example covered here was the
:5 activity which was called District Delay in the CERL
i. model and did not show up in the new model as the
? product of actual data as did most of random variables
ﬁ{ modeled, but was derived by using a histogram overlay of
f& the CERL model for this activity. The histogram data was
% fed into SAS and the data on the mean, standard
3 deviation, skewness, and kurtosis, which were 5, 1.6, 0
g and 3 respectively, were calculated. The skewness and
% kurtosis were used to find the four lambda parameter
; values from available tables (Larew 1976). RS(5, 1.6,
jﬁ g, .1975, .1349, .1349) was then used to model this
? activity in the duplication of the CERL model. To
. demonstrate the ability of the RS distribution in
;} fitting data, a series of the graphic presentations are
‘; provided in figures 4.1 through 4.3. Note that in
? contrast to chapter three the probability distribution
- is provided in both 1line (figure 4.1) and histogram
:3 approximation form (figure 4.2). This is done fpr those
i; readers who prefer to visualize probability
: distributions in this format. In actual practice, the
i? cummulative distribution function was used for the
‘i simulation and it too is provided in figure 4.3 to
T demonstrate how well the RS model overlays the CERL
" model over the majority of the probability range.
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o Figure 4.1 District Delay Probability Distribution
Function
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CUSLLATIVE DISTRIBUTION FUNCTION
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Wy DISTRICT DELRY

Figure 4.3 District Delay Cummulative Distribution
Function
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4.3 Development of a Prediction Model Using Regression

Analysis

One of the important steps in simulation is

validation of the model results (Russell 1983, p. 1-14).
For this research, the author decided that one possible
technique was to develop a prediction model using
regression analysis and compare it with the simulation
results obtained within the same policy environment as
that from which the data, used in the regression
analysis, was obtained. In this way, two reasonable
approaches to the same problem could be compared, and
any major discrepancies could be detected. Also, the
results of regression analysis were used to find out
which dependent variables might be of primary importance
in determining overall model output during sensitivity
analysis (Notz 1986). From this perspective the
regression analysis results will now be discussed.

The initial steps in the data analysis such as the
univariate analysis, scatterplots and simple linear
regression (SLR) models have been discussed in Chapter
II. At this point, the results of the automatic search
procedures will receive primary attention. The reader

should note only that no SLR model was well suited as a

prediction model and multiple variable models,
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%4 particularly with the inverse transformation of
-

f? Percentage of Total Contract Cost (TPERC), were best

suited to model total processing time (TOT). The best
prediction model based on linear regression analysis,

performed on SAS, was as follows:

TOT=.97+.8(REV)+.88(PREP)+.12(DTC)+.86(TPERC), (4-1),

o where: REV = Contract Proposal Review Time;

‘3 PREP = Change Order Proposal Preparation

;Jg Time;

L DTC = Days to Complete the Construction

E? Contract;and

;E TPERC = 1/PERC or the inverse of the
Percentage of total contract dollars

'éﬁ that the Change costs.

.‘E

tﬁ The variables used in this model consistently

3 surfaced in the forward selection, backward elimination,

&g and stepwise procedures, as well as with the RSQUARE-CP

N procedure in SAS. The corellation value (R2) for this

model was .6536, with adjusted R2 and Mallows CP

statistic values of .6293 and 3.050 respectively. As a

|

AL LA

further check of the model's appropriateness, nonlinear

I

regression analysis on these same variables was run,

g freeing all variables to take on exponent values, if
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l'(‘.

;}ﬁ required.

X
N . .

W The nonlinear model, as fed into the BMDP package,

iy was:

B

-

."

s TOT=C;+C2 (REVE1)+C3 (PREP®2)+Cy(DTC®3)+C5 (TPERCE4), (4-2),

"

pCv where Cl-C5 were constants and el-e4 were exponents.

'

;;g The resulting nonlinear model was:

L

h-2 TOT=1.083+.8(REV)+.88(PREP)+.116(DTC)+.86(TPERC). (4-3)
P

‘54 This model compares favorably with the linear model

'y calculated using SAS and was interpreted as meaning that
T
L there was a minimum amount of processing for any change
. . I .

\a approximately equal to one day and the remaining time

attributed to the additive effects of the time it took

‘lll

;ﬁ; to prepare and review the change order proposal. The
$ DTC term was operant when the change order was initiated

‘4]

PN in the early stages of the contract, thus allowing more
N slack time in processing, and the TPERC term provided
o
T for the long delays experienced when changes were a very
:h small percentage of the total contract dollars.

»

-— The results of the correlation matrix demonstrated

T

e ), .

§§ a high value of .8654 between the change order base

ij price and TPERC variables. This was to be expected as
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the base price of a given change was a fairly good
predictor for the percentage of total contract dollars

that the change would encompass. The correlation matrix

is listed in Appendix C

4.4 Synthesizing the Simulation Model With the Actual

Data
This model was useful because once the author fixed
the mean values of REV, PREP, DTC and TPERC, a
reasonable prediction of the total time it took to
process a change, was provided. This value was then
compared to the average processing time for changes in a
similar policy environment (see chapter V for the
results of this check). This was particularly
important since model validation became more difficult
at each successive stage and once the model reached this
stage of development i.e., it contained no syntax errors
and the walkthrough examination and hand calculations
seemed reasonable, there was little comparitive basis
for error detection. The regression model provided one
more cross reference to insure that all was as it should
be.
The other important aspect of data-simulation
synthesis has been discussed in detail already, that

being the data based RS distributions used in the new
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model. Up to that point, the model was based mostly on
expert esimates. Though good, as .compared with a
layman's guess, the expert opinions used in the CERL
model tended to overestimate processing speed and did
not take into account the differences between the
regulatory guidance and actual office implimentation.
4.5 Summary

In this chapter the use of data as input in both
the simulation and regression models was discussed. With
respect to the simulation, the data was used to form the
RS probabilty distributions that modeled the various
procedure activities. As a parallel problem approach and
simulation cross-check for the simulation, data was also
used to derive regression models of the modifications
process. This research phase provided the author with a

great deal of problem insight.
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::. RESULTS OF THE SIMULATION AND MODEL SENSITIVITY

6.’!

ot DISCUSSION

""P.‘

oy

B2

WX

e :

st 5.1 Introduction

:.x Up to this point, discussion has centered around
‘ .

Q(' the mechanics of putting the experiment i.e., the
8

il simulation model together. This chapter will now shift
SN the reader's attention to the results obtained. The
Bres

! N . .

t ix first section will cover the duplication of the CERL
Ay

R

e experiment, followed by the results of the new model.
3” Next model sensitivity will be discussed and a results
‘. r

h*ﬁ summary will be presented in order to tie all discussion
L

Akt : :

e up to this point together.

o *

SR

ifﬁ 5.2 Duplication of the Original Experiment

109

The results of the duplication of the original

experiment are shown in table 1 below. Also, to provide
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\
K a comparison between the CERL and new models, the same
2{ experiment was run using the new model and its results
g
e are listed in the far right column. Overall, the
)
k)
35 comparison between the duplication, using the RS
W distribution along with the SIMSCRIPT II1.5 programming
e
ﬁ: language in the new model, was favorable. The reader
o should note that in both cases (the CERL model and the
sd. new model duplication) there was a noticable drop in
."'
N mean processing time between the staffing at levels
L4
KW
L three and four, while no appreciable change occurred
'v between levels four and five, regardless of authority
b1y
1,$ level. Also, there was a slight drop in mean change
b/ .
\ . . . . .
e order processing time with increased RCO authority
3\ level. This aspect will be covered in more detail later.
o5
:* Overall then, the results were considered to Dbe
N
%} generally the same and the new model structure used in

the duplication experiment, became the standard program,

from which all successive models, were based.
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M
o TABLE 1
b
ah, COMPARISON OF SIMULATION RESULTS
.“." PSS T 1 Pt 2 2t 2t 2 3 4 4 4 U Y S A 4 4
,i. STAFF ORIGINAL EXP. USING RS DIST NEW MODEL
KR - -
Al RCO AUTHORITY <= $10000
[ /
AR
3 37.90 37.5 52.9
. 4 22.1 24.7 53.1*
Q* 5 20.1 22.7 52.0
fant
S RCO AUTHORITY <= $25000
o,
G
i 3 35.2 33.4 50.8
™ 4 20.5 22.1 50.3
N 5 18.8 21.5 50.6*
o
i ¥ *Note: Although it appears that the mean
' cycle time increased the average queue times and
o percent busy figures dropped 'significantly. A
P better interpretation of these figures is that the
Z;{ difference in mean cycle time is negligable. In
e the model based upon real data, the significant
W gains derived from larger staffs is an increase in
time available for other work. (see the table
o below)
b -_"
4
N
W TABLE 2
A
o A CLOSER LOOK AT REAL DATA MODEL
: =+ -+ 3+ 3 3+ T+ 32+ 1+ 3 1+ 1 1T 1 31Tttt 1ttt 1ttt i+ttt 1ttt
,;‘: RCO AUTHORITY <= $25000
}.q- CYCLE TIME QUEUING INFORMATION
44
STAFF MEAN STANDARD AVERAGE MAXIMUM % BUSY
e DEV QUEUE QUEUE
oo 3 50.82 59.48 34 14 48.91
ol 4 50.25 58.11 .07 9 36.51
7 5 50.63 58.88 .21 4 29.63
oy
R
CC]
~
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Staffing Level Sensitivity
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Figure 5.1 Staffing Level Impact on Percent Business
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e 5.3 Results of the Synthesized Model
g The results of the same experiment for the new
) model, using data based probability distributions,
g showed significantly different results in terms of both,
b mean processing time and sensitivity to staffing level.
There was a fifty percent increase in the mean change
E order processing time for both authority 1levels,
i although the general trend of decreasing processing time
& for increased authority level still held true. The data
E based model also showed less sensitivity due to staffing
:j level changes, with mean processing time remaining
' relatively constant; however, one had to look at other
'E aspects, such as staff officer percent busy rates to see
gf what was really happening. Table 2, shows the impact on
& queuing, especially staff business, in the new data
k based model with a $25,000 RCO authority level. Notice
:’ how figure 5.1 shows a continual decrease in business.
be. It should also be noted that the average time in the
-; queue, as well as maximum gqueuing time observed
; decreased.
3 In comparing the results of the synthesized model
E; and those of the prediction model, a reasonable
:: closeness was found. The prediction model was fed the
N mean values, as derived from the data, for its four
F variables. The following inputs were used: PERC = 2.3,
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DTC = 191, PREP = 186, and REV = 34. The predicted
processing time, based on EQN 2 was 59.6 days. This
compares favorably with the 58 - 53 day time range

resulting from the simulation model.

5.4 Simulation Model Sensitivity

Before getting into the specific comments on each
of the many sensitivity experiments, a general overview
is in order. The ranges over which parameters were
varied were based on what the author believed were
acceptable, practical 1limits. For example, in the case
of the percentage of unilateral changes, the author felt
it was unreasonable to assume that more than thirty
percent of all change orders processed would be
unilatteral, therefore the parameter range limit was set
accordingly. This should not pose too great of a problem
for the reader as most of the ranges should appear
reasonable. Secondly, in the many graphical
presentations to follow, no attempt was made to fit
curves to data. The radical shifts should not be
interpretted as exact, but rather, the reader should
concentrate on the general trends that are evident.

Another general area requiring comment is that of
the progression used in the conduct of the sensitivity

analysis. This was covered in chapter II and will not be
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repeated here except to say that the order of tests was
important and that refinements were incorporated into
successive experiments. Finally, single parametric
variations were made versus combinations of changes. For
the most part, such changes would result in an additive
effect that could be predicted by the reader £from an
analysis of single parameter changes. The vast number of
combinations possible made detailed analysis in this

area impractical.

5.4.1 Number {f Iterations

The number of iterations in the simulation, which
could be thought of as the number of change orders
processed, was the first sensitivty test made. This :est
was performed first because it was important to know the
number of iterations needed to obtain a clear picture of
the processing output distribution. Tests of 500, 2000,
5000, and 7000 iterativas were run. A higher number of
iterations was not conducted due to computer computation
time constraints. The staffing level was fixed at four
and the RCO authority 1level was held at §$10,000. All
seeds were fixed as were the number streams. The
repective mean processing times for 500, 2000, 5000 and
7000 iterations were 48.73, 580.85, 52.74, and 52.35

days. More significant than the mean processing time
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results, were the results of the histogram outputs of
the processing time distributions, which were very close
and are shown in figures 5.2 through 5.4. Overall, any
number of iterations beyond 2008 was suitable for
detailed analysis purposes and 2000 was used for all

further experimentation.

5.4.2 Warmup (Reset) Sensitivity

The next series of tests performed was designed to
examin how sensitive the simulation results were to the
effects of model warm up. Warm up is a concept which
explains the initial climb of processing time as the
simulation model's queues reach their steady state
levels. In this test, the counters which accumulated
simulation performance data, were reset after a given
number of iterations so that only steady state data was
contained in the development of final model output. The
resets were initiated at 50, 108, and 200 iterations and
as is shown in table 3, most of the effects of warmup

could were effectively removed by initiating a
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Figure 5.2

Simulation OQutput With 500 Iterations
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Figure 5.3

Simulation Output With 2008 Iterations
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iy simulation counter reset after iteration 100.
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) 5.4.3 Poisson Lambda Parameter Sensitivity
T After establishing a feel for the sensitivity of
7
fﬁ the number of iteration and warm up, and after having
.' [
‘?' installed reasonable settings to account for each, the

. next step was to examine the sensitivity of change order
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generation rate. The generation of change orders was
modeled using a Poisson probability distribution and
this distribution's single parameter, lambda,
established the mean arrival rate, or in this case,
generation time, of change orders. Lambda, was varied
from one to eight, and the results are depicted in
figures 5.5 through 5.9. Each of the five performance
measures, mean processing (cycle) time, processing time
standard deviation, gueuing average wait time, queuing
maximum wait time, and staff business (%), were plotted.
The reader should note that this convention will be used
throughout the next three subsections of this thesis.
The most noticeable trend was that the model is not
sensitive to values of lambda beyond two. Tests on
lambda values less than one were not conducted as they
were not accepted by SIMSCRIPT II.5. Given this
information, all further tests were run with lambda

equal to two.

5.4.4 Sensitivity of RCO Authority Level

This next test was performed to see the impact of
the RCO approval authority on change order processing
time. Basically, this authority determined when a change
order had to go to district level for processing or when

a detailed estimate had to be performed. The net effect
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of this was assumed to be an increase in overall
processing when the authority level was set 1low. The
range of authority spanned from §10,000 to $90,000 and
as predicted, the mean processing time over this range
fell from 52 days, at the $19,000 level, and 46 days, at
the $90,0008 1level. This information is provided in
figures 5.10 through 5.14. The most obvious trend was
that after the RCO authority level was set at $50,000,
decreases ceased to be significant. This was also true
for average queuing time. Based on this, the authority
level for further experiments, was set at $50,000. It is
interesting to note that this was the authority level in

effect at the Baltimore District, Capitol Area Office.

5.4.5 Sensitivity of Branching Probabilities

Within the simulation program, there were a series
of decision points which determine the routing of change
order processing. To model these points, random
probability generating functions wefe used. The next
series of tests were performed to find out how sensitive
the simulation output was to variations in the decision
probabilities used. Again, the results, in terms of the

effects on the five performance mesures collected, will

be shown graphically. The probability of a change
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requiring negotiation was varied from .25 to .95 and an
overall change in mean processing time of four days was
experienced. A general increasing trend was noted and
confirms the idea that the more change orders require
negotiation, the longer the average processing time. The
same was true for staff officer business which increased
by ten percent. See figures 5.15 through 5.19.

Probability of Negotiation Success: Related to the
probability of negotiation was the probability of
successfully reaching an agreement once negotiations
occurred. The range of the probability was varied from
.6 to .9. The author felt that it was not realistic to
set this success probability lower than .6 based on the
examination of 12al data. Figures 5.20 through 5.24
show a general decrease in processing time resulted as
the probability of success increased, while the impact
on gqueuing was not very significant. The impact on mean
processing time made intuitive sense, but the 1lack of
impact on queuing times was a minor surprise.

Unilateral Change Probability: The probability of a
bilateral change occurring was varied from .7 to .99 and
the results are shown in figures 5.25 through 5.29. The
most significant trend was a general decrease in overall

processing time as the probability of such
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Negotiation Probablity Sensitivity
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3.5 Negotiation Success Sensitivity
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changes decreased. The reader should note that the
convention used was that as the probability number, .7
through .9, increased, the probabilty of a unilateral
change occurring decreased. (See the program samples
appendix F to see how such operations were performed.)

District/Field Probability: The probabilty of
changes being generated at either district or field
levels was varied from .25 to .9, with the results shown
in figures 5.3@ through 5.34. The processing time, time
in the queue and staff business uniformly decreased as
the probability of field change occurrence increased.
The change in this one simulation model parameter
resulted in a eleven day shift in mean processing time
and this was one of the more sensitive items examined.
This was attributed to the fact that this term directly
determined three of the key attributes of a given change
order, thereby strongly affecting its processing time.

Two Part Probability Slope: This was a special case
where the probability of a two part change order was
based on the function PROB.TWO.PART = M x BASE.PRICE
(5-1), where M was the slope term. This model was
derived from the CERL study and the slope term was
varied to obtain occurrence probabilities which ranged

from .@0863 to .613 for a $1090 change. The general trend
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observed was that as the probability of a two part
change varied, no appreciable change in mean processing
time occurred; however, the staff business increased
three percent over the entire range. See figures 5.35

through 5.39.

Probability of Acceptable Breakdown: The probabilty of
the contractor's change order proposal having an
breakdown was varied from .3 to .9 and this term was
found to be the single most sensitive model parameter
over the range studied. At a setting of .3, meaning that
seventy percent of all proposals submitted had
unacceptable breakdowns, the mean processing time rose
to over 998 days. Fortunately, between .5 and .9, almost
no change was experienced in mean processing time, so
given that an estimate of this term was in the .5 - .9
range, the results obtained would be reasonable. Queuing
performance showed a general upswing between .5 and .7,
remaining stable elsewhere. See figures 5.48 through

5.44.

Probability of Further Negotiation Fruitfulness: In
the event of a negotiation breakdown, a staff officer

would have to decide whether to persue further
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negotiations with the contractor. To simulate such a
decision, a probability of further negotiation value

was assigned. This term was varied from .5 to .99 and

the results are shown 1in figures 5.45 through 5.49.
Generally the mean processing time decreased as the
probability of further field negotiations increased.
This was expected, as those changes not renegotiated at
the field office were routed to the distrct office for
negotiation, with a corresponding time 1lag being
incurred. Staff business showed no strong trends, but
the maximum queuing time generally increased.

District Processing Sensitivity: This term modeled
the chance of a contractor's refusal to submit a change
proposal in a timely manner requiring the District Staff
to step in and take over contractor negotiations. This
probability was varied from .6 to .99 and the results
are shown in figures 5.50 through 5.54. The overall
trend was that the model was not sensitive to changes in

this parameter.

5.4.6 Distribution Shape Sensitivity
The last sensitivity test performed was designed to

see the impact of varying the distribution shapes of the

RS distributions wused in the simulation model. This
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was important in that, though it is sometimes possible
to reasonably estimate the mean of a random variable's
probability distributiion, and perhaps its standard
deviation, the experimenter might not be able to obtain
a clear picture of the actual distribution shape. For
this reason the author allowed the various RS
distributions to take on a wide range of shapes, from
J-shaped, tail right, to uniform, to normal, to
J-shaped, tail left, in order to measure overall model
impact. The results of all experiments in terms of the

effects on the five performance measurements, are given

in table 4 listed on page 109.
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W TABLE 4
N SENSITIVITY ANALYSIS OF DISTRIBUTION SHAPES
@ CYCLE TIME QUEUING DATA
' TYPE DIST MEAN STANDARD AVERAGE MAXIMUM $ BUSY
’ DEV. QUEUE QUEUE
R FIELD BASE PRICE
N
N ACTUAL 47.61 55.98 .93 8 31.37
UNIFORM 48.10 57.45 .93 6 33.36
= REV.SKEW. 50.64 59.77 .04 5 35.61
Yy
y FIELD LEAD TIME
o
' ACTUAL 47.61 55.98 .93 8 31.37
y UNIFORM 48.04 54.14 .92 6 31.75
b NORMAL 49.65 56 .62 .02 6 31.30
N REV.SKEW. 49.28 55.49 .03 5 32.07
N
i CO WAIT TIME
, ACTUAL 47.61 55.98 .93 8 31.37
o UNIFORM 49.73 57.95 .03 9 32.45
- NORMAL 48.38 58.25 .93 7 33.41
- REV.SKEW. 48.03 57.79 .23 9 31.76
1§
DIST. BASE PRICE
K ACTUAL 47.61  55.98 .03 8 31.37
. UNIFORM 48.53 57.36 .93 7 31.88
. NORMAL 50.12 59.30 .92 5 32.56
REV.SKEW. 48.39 58.74 .03 9 31.57
. DIST. LEAD TIME
& ACTUAL 47.61 55.98 .03 8 31.37
-2 UNIFORM 48.90 56.75 .03 7 32.56
- NORMAL 47.53 57.74 .92 4 31.28
REV.SKEW. 45.62 54.13 .03 9 30.97
.
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r. TABLE 4 (continued)
¥
2 CYCLE TIME QUEUING DATA
A TYPE DIST MEAN STANDARD AVERAGE MAXIMUM $ BUSY
- DEV. QUEUE QUEUE
[)
- REVIEW TIME
M, ACTUAL 47.61 55.98 .93 8 31.37
ar UNIFORM 61.98 50.49 .02 5 31.38
NORMAL 61.29 48.13 .02 4 32.44
- REV.SKEW. 76.60 41.18 .02 4 31.38
‘ .
N DIST. NEGOTIATION TIME
W ACTUAL 47.61 55.98 .03 8 31.37
. UNIFORM 47.61 55.98 .23 8 31.37
- NORMAL 47.61 55.98 .03 8 31.37
N REV.SKEW. 47.61 55.98 .03 8 31.37
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As can be seen above, the simulation model was not

ﬁ very sensitive to a single change in the various
5 distribution shapes. It should be noted that most of the
;_ original RS distributions used in the model were
tg J-shaped, tail right and are depicted above as ACTUAL.
:E The reversed skewness test, labelled REV.SKEW., was
obtained by switching the values of lambda three and
;?3 lambda four in the the RS distribution formula, and by
,?é reversing the sign on lambda one. The NORMAL AND UNIFORM
\ tests were performed by using RS distribution parameters
3; determined by using the skewness and kurtosis of the
-
ES normal and uniform distributions respectively.
e
:3 5.5 Results Summary
;L To summarize, the entire series of sensitivity
" tests showed that the simulation model was not highly
:; sensitive to any single parameter change. Also, the
;E specific estimates used for all terms appeared to be
;i applicable over a wide range of possible values, so if
%% the estimate was not exact, the effects of that
:‘E impreciseness, would not greatly reduce the
: reasonableness of model results. Finally, one important
;3 aspect of the model which was not directly tested but
;; which was experienced by the author in the construction
= of the simulation model, was the extreme model
7
"
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;f sensitivity to changes in the resource/queuing model.
I
'i{ This phase of modelling required the insertion of
»on resource request and relingquishment calls. Care was
fy exercised to insure that such calls occurred as they
Ll
RS
K& . . .
wé} would in actual change order processing. Failure for
T
‘W
K instance, to release a resource when its use was
.¢ﬁ finished, would cause queuing times to increase by weeks
Ay
o . . .
‘AN and falsely boost processing time. Once this problem was
-
Wy overcome then the model operated in a predictable
s}k fashion and seemed to be fairly robust in terms of
l—..'
:zﬁ sensitivity to change. This concludes the descriptive
"
o
r oS . . . . .
> portion of this thesis and leads into the final chapter
y .. in which the author offers conclusions and
A
e recommendations.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 Introduction

Conclusions based on the research will now be
presented by first discussing, in this introduction, how
well the objectives of Chapter I were met. These
comments will be followed by two sections 1listing
specific conclusions and recommendations for future
research. Finally, the last section will address the
original problem statement and final comments will be
offered.

With respect to objective one, the CERL model was
updated using AMPRS data. The results obtained were
markedly different from those of the CERL study, but did
closely pattern those of regression models derived from
the Baltimore District data set. The processing times
generated by the new model were approximately double

those of the CERL study.
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is Sensitivity analysis was conducted per objective
~
jﬁ two, of Chapter I and it was found that the model was
' not very sensitive to changes in its parameters.
ij Several parameters would have to be set at their range
1

3 extremes before any appreciable change 1in overall
s
WS results would be realized. Also, it was noticed that
19 several parameters were insensitive over a wide range
s

4

N thus negating the need for precise estimation.

* Comments pertaining to the Corps of Engineers'
Qj contract modifications and claims procedures will be
'3: covered in the specific recommendatios section under
-

‘ item four. One comment refers to setting RCO authority

> level at $50,000 and the other offers comments on the
Jn

- need to more fully utilize the AMPRS data Dbase. This

concludes the general overview. Specific conclusions and

:t? recommendations will be discussed in the next two
\ '_:j.

" sections.

=)

:i 6.2 Specific Conclusions

- Five research conclusions were reached and each 1is
23 described below:
- 1. This research was able to demonstrate the use of
* simulation in a construction management setting and show
-ﬁ the potential for gaining management insight into
f‘
e,
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s

)
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:A complex problems through simulation experiments. It
g:; should be noted however that the author is of the
igf opinion that such models are too complex for the layman

) to operate without a great deal of prior coaching. By
;g& the same token, a novice would find it extremely
v
}33 difficult to create a new model or radically alter an

existing one.
e
QZS There are many small details requiring special
tgz attention and involve problems that do not contain
;~ obvious solutions. For example, a simulation may provide
AN
,%ﬁ results which at face value, seem reasonable, but upon
Eg? closer inspection, are flawed. This was covered 1in
‘ chapter three and in essence indicates that it is easy

%ﬁ to be fooled by the results obtained. It took a great
‘:is deal of attention to detail to prevent errors such as
;J attribute memory destruction and resource/queuing model
?g: mistakes. This is not intended to discourage the use of
:ﬁ& simulation, in fact such use 1is encouraged for
)

. simulation is often the only practical solution approach

.
{% to problems facing civil engineers.
5

-l'.

- 2. A two pronged approach to model development,
LE;; coupling simulation with such data analysis techniques
by - -
ﬁi% as regression, provides a superior approach to solving

‘ real-world engineering problems. Without the proper
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inputs, the simulation outputs

suspect.

11¢

will be extremely

Also, prior analysis can show which simulation

flow paths are actually operant and which activities or

attributes are key in

example, as pointed out in

base price was selected as

determing throughput
chapter four,

the dependent

times. For
change order

variable for

determining the durations of such activities as proposal

preparation time and review time,

analysis showed base price to be
these items.
Perhaps, this shows the

simulation modelling with

from disciplines other than

engineering or operations

case, a knowledge of contract 1law

as that of construction operations

required. A team, with experts in

would have less difficulty handling

single operations research analyst.

3. Once this simulation

very accessible and easy to use

standpoint. This contrasts

conclusion one, in that this

the mechanics of getting the

({4‘_-(‘41 «" .0

t‘dﬂ&huh&uﬁhd&&{h o

just

research community.

model was

with the
conclusion

program to

yet a correlation
a poor predictor of
value of attacking

a team made up with members

the industrial
In this
terminology, as well

and statistics, was
each of these areas,

this problem, than a

set up it was

from the execution
comments in

refers only to

not

run,
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performing model adjustments. The gaming potential of a
simulation, such as this, is great. This of course
assumes that all modelling problems mentioned above have
been tackled. It took only seconds to adjust a parameter
and run the simulation and the data output could be used
to obtain a relative feel for what might occur, if for

example, there was a policy change.

4. Per objectives one and three, it was possible
to adequately duplicate the CERL model and refine the
model to provide further insights into this problem.
Specifically, it is recommended that the RCO authority
level for processing changes should be set at the
$50,009 level. 1t appeared that processing time was at
its lowest time at this point, while the difference in
authority, say between, $25,000 and $50,000 in
construction dollars, is not significant. Another
conclusion based not so much on the simulation itself,
but the data collection effort, was that the AMPRS data
base should be used to its fullest potential if the data
is to be analyzed, using tools like simulation. There
was a problem in going from the routine report forms, to
the data base. Items requiring input into the data base
could not be derived easily from the forms resulting in

keypunch errors. Finally, records procedures ought to
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better model what is actually going on in the field. It
appeared that much of the changed work was completed

before the actual notice to procede was given. If this

is what actually occurs, then it should be sc
documented. Altering figures to make it appear that
administrative procedures are compatible only serves to

confuse the management effort.

6.3 Specific Recommendations For Future Research:

1. It appears that there 1is a 1link between
regression analysis and simulation results, especially
when simulations are run in the same policy environment
as that from which the regression data was derived. In
particular, this thesis demonstrated that one may expect
to find a path in the simulation model which includes
the variables found 1in the corresponding regression
model. This path will be the one followed by the
greatest number of transactions. In such a case, the
simulation model could then be used to extend beyond the
existing policy environment to see what happens. This is

something that the prediction model could not be used

for without validity problems.
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2. The relationship between change order
processing time and total contract cost was beyond the
scope of this research, but merits further research
because then those results, combined with the simulated
times <could be used to make the more universally
accepted, dollar based conclusions. Perhaps the
relationship between the final cost of contracts and
change order processing time is not significant, thereby
negating the need for continued research in this area,
or perhaps the relationship is greater than thought,
thus increasing this problem's importance. At this point

such judgements are difficult to make.

3. There must be a compromise between such user
friendly simulation languages as CYCLONE, by Halpin and
Woodhead, and the more complex, high level languages,
such as SIMSCRIPT 1II.5. A flexible, wuser friendly
language, that allows detailed engineering analysis
should be developed and made available to construction
managers. It would be particularly nice if the program
was PC usable with a modest price tag. The author was
not able to find one as of this date. Either the user
control was too restrictive to allow modelling certain
processes, oOr the languages were too difficult for the

layman to operate without much prior study. A middle
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- level program/language would unlock the power of

simulation to a whole new group of potential users.

6.4 Final Conclusion

Referring back to Chapter I, one recalls that the

original problem was: "Can the U.S. Army Corps of
Engineers' procedures for processing contract
modifications, specifically Change Orders, be reliably
modeled using computer simulation so that 1leaders can
use the simulation to make policy decisions that reduce

the overall time and cost of fixed-price construction

A M W)

contracts?" (Curtis, 1986)
The answer is yes, computer simulation can be used

to model the contract modifications procedures,

Pt W s s )

providing reliable results. It 1is also possible for
leaders to use the model to aid policy development.
Whether or not such policies will result 1in cost
reduction remains to be seen but it appears reasonable
that such policies would have a positive effect on
construction time reduction.

The reader is cautioned however, that the use of
. simulation is not a casual endeavor. Mudel development
o requires time, patience, and preferably a combined team,

consisting of experts in areas relative to the problem

being studied. Originally, the author envisioned the
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#\j situation where a 1leader, sitting at a computer work
\.
o
?:{ station, would work in concert with a PC-based
Mep!
simulation package, to develop policy decisions. The
TN
“ " . . 3 £3 . .
sk& author is now of the opinion that this scenario is still
thigs
§~: a ways away in terms of both computer software
W&
technology and leader training. Given a developed
.}? program, a trained staff could effectively use a
£
‘x} simulation program, such as the one developed in this
Ry
S
thesis, under some expert guidance, with minimal error
. , . .
:}: risk. It is doubtful however, that a layman working
.
»:}: alone with this tool, would be very productive. In
T
e
competent hands, the new technology examined 1in this
:;f thesis (computer simulation) can be used to effectively
o
:ni- explore alternative ways to reduce construction time and
cost at a modest investment.
.“ '.:
19
[
>J'.
o
Ao
>:::
>
o
CPLd
.
@
b
»
0
(5
’
N 1
e
A;{ e e e e, R T S TP SNSRI P . RCLCh
3,1.' :‘}Q}-.};:_:;}:_;ar;_.:- A . AN "ﬂ,’: .r:" - . LRy Prerer ._: Mk \.-: : ‘\ 9" ‘-".'r'- ~



LIST OF REFERENCES

Ang, Alfredo H-S and Tang, Wilson, H. Probability
Concepts in Engineering Planning and Design.
New York: John Wiley and Sons, 1975 [114-115].

Chang, Ki-Sung and Liu, Nien-Ping, "“Identifying the
Construction Delays Due to the Field Design
Change Request Procedure," Class term paper,
The Ohio State University, 23 May 1986.

Cook, Thomas M. and Rao, Prakash, "Airline Terminal
Design Using Computer Simulation," Transactions
17 (December 1985): 314-19.

Dixon, W.J. et al., BMDP Statistical Software, 1981
Edition. Los Angeles: University of California
Press, 1981 [299-3@83].

Halpin, Daniel W. and Woodhead, Ronald W. Design of
Construction and Process Operations. New York:
John Wiley and Sons, 1976 [1-76].

Kiviat, P.J.; Markowitz, Harry; and Villanueva, R.
SIMSCRIPT 11.5 Programming Language Los Angeles:
CACI Inc.-Federal, 1983 [323-337].

Larew, Richard E. Cost Estimating and Pricing in a Con-
struction Company Volume 2 Initial Stochastic
Studies Columbus: The Ohio State University,

1976[43-51].

Larew, Richard E., The Ohio State University, Columbus,
Ohio. Interview 15 August 1986.

Notz, William, The Ohio State University, Columbus,
Ohio Interview 24 June 1986.

Neter, John; Wasserman, William; and Kutner, Michael H.
Applied Linear Regression Models. Homewood:
Richard D. Irwin Inc. 1983.

122




L]

a
:}J‘

t. A
N

i \-..
35,
4 ..*‘::
% '

oy 123
A \:b
;:§ O0'Connor, Michael J. Technical Report P-82, Modifi-
e cations Processing Procedures: A Generalized
Ko Stochastic Network Model Champaign: U.S. Army

Construction Engineering Research Laboratory,
1Yyt [1977].
[\
> . . .
|\i O'Connor, Michael J. U.S. Army Construction Engineering
’t: Research Laboratory, Champaign, Illinois

" Interview 11 August 1985.

Y Perine, Robert. Office of the Chief of Engineers, U.S.
b Army Corps of Engineers, Washington, D.C. Inter-
L view 28 March 1986.

LA
;f? Russell, Edward C. Building Simualtion Models with

SIMSCRIPT 11.5, Los Angeles: CACI Inc.-Federal,
! 1983 [1-1 - 4-49].
}3{ SAS Institute Inc. SAS User's Guide: Basics, 1982

ol Edition. Cary, NC: SAS Institute, 1982.
ti
L
e
‘¢
o
4
)

o

'?'I‘c
P
D -'_'-:

3
e
10¢
£

-

> " L A A N AT TN AL L L e 4 - ALYs A L TN N S WAL 8T A0
3 ) P R R AR RS e N " U w_w'\* AR AN SR A \\
A 3 hed - 0 - - - - . Al L3 L) - )

& 9.¢ 8, ‘s



W
%
}
N
)

- o atad

Appendix A

Simulation Programs Used

Introduction

This appendix contains copies of the programs used
to conduct the simulation experiments. Each program is
complete with the Job Control Language (JCL) necessary
to impliment it on the Ohio State University mainframe
computer using the Conversational Monitor System (CMS).
Programs are submitted as simple job requests and the
JCL automatically sends the program to the appropriate
system for execution. Once execution is complete a file
is sent back to the user. This is a slightly different
approach to executing SIMSCRIPT I1.5 programs at OSU but

is effective if executed exactly as shown.

A.1 Control Structure Program

This program was used to develop and test the
control structure of the simulation to insure that the
modifications processing procedure was properly modeled.
Notice that for the most part, constants were used to
represent the stochastic processes. This allowed the
author to readily identify output flow patterns.
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DEFINE BASE.PRICE AND LEAD.TINE AS REAL VARIABLES
& DEFINE IYPE, BOTICE, GE, AND PART AS INIEGER VARIABLES
j»j DEFINE CYCLE.TINE AND INITIATION.TINE AS REAL VARIABLES
> ACCUNDLATE AVG.JUEUE.LENGTE AS THE AVERAGE,
2y MAX.JUEUE.LENGTE A5 THE MAXINUN OF R.D.STAPF.OPFICER
{{;- ACCUNULATE UTILIZATION AS THE AVERAGE OF N.1.STAFF.OFFICER
vy TALLY AMEAN.CYCLE.TIBE AS THE SEAN OF CYCLE.TINE
TALLY SD.CYCLE.TIBE AS THE STD.DEV OF CYCLE.TIRE
i DEFINE .IES TD BEAN O
WY DEFINE .NO TO HEAN 1
o END
! r} SAIN
WSS CREATE EVERY STAFF.OFFICER (1)
s LET U.STAFF.OFFICER(1)=3
ACTIVATE A GCENERATOR NOW
AN} START SIKULATION
o PRINT 9 LINES WITH MEAN.CYCLE.TISE, SD.CYCLE.TIBE,
% AVZ.QUEUE.LENGTH, BAX.QUEDE.LENSTH AND
:}uj UTILIZATIONS100/U.STAFF.OFPICER(1) THUS
A MODEL OF CORPS OF ENSINEERS CHAEGE ORDER PROCESSINEG
s ’ PROCESSING TINE
, THE BEAN TINE 10 PROCESS A CHANGE ORDER HWAS 32.0% DAYS
.‘* WITH A STANDARD DEVIATIOR OF $%.%% DAXS.
!*;} QUELINS INFD '
,x*a THE AVERAGE WAITING TINE FOR A CEANGE AVAITING PROCESSING
N5y WAS S%.80 DAYS.
S THE MAXISUM WAIT UAS 898,88 DAYS.
@f . STAFF OFFICERS BERE BUSY ©%.%8 PERCENT OF THE TISAE.
= END
s PROCESS SEKERATOR
WA PRINT 1 LINE THOS
izlx BASE.PRICE INITIATION.TIME TINE.Y CYCLE.TISE
e FOR I = 1 TO 100
¢ ,: pd
ol ACTIVATE A 80D NOW
= WAIT 2 DAYS
== LOOP
s, J":" chD
iy PROCESS 80D
ﬁzﬁ DEFINE DEC1SI1ON AS AN INTEGER VARIABLE
AN
a\-’,
£
‘251“
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_:H DEF1NE DURATION, BESOTIATION.TINE, ARD PROB.TWD.PART AS REAL VARIABLES
DEFINE TLCS,ETRA,ISSUZ.TINE,PREP.TIBE AND HAGGLE AS REZAL VARIABLES
, IF RANDON.F (4)<=.75
Kvyo LET BASE.FRICE (BOD) =8
P32y LET TYPE (BOD) =1
BN LET LEAD.TINE (ROD)=5¢+TINE.V
.- ELSE
B LET BASE.PRICE (HOD) =10
LET TIPE(BOD)=2
o LET LEAD.TIBE (BOD) =85+3TINE.V
[~ ALDAYS
;jx LET INITIATION.TIME(NOD)=TINE.V
’:: LET BOIICE (mOD)=0
o LET GE(B3D) =0
o, LET PART(n0D) =0
. REJUEST 1 STAFF.OFFICER (1)
- IF TYPE (BOD) =1
LET DURATION=.25%BASE.PRICE (HOD)
S ELSE
e LET DURATION=.125¢BASE.PRICE (HOD)
. ALNATS
& WORK DURATIOE DAYS
- IF BASE.PRICE (MDD} <=10
: LET 1SSUE.TINE=.125
\ 1 ELSE
K LET ISSUE.TIBE=S
o ALNAYS
oty LET PREP.TIBE = BASE.PRICE(BOD)
,“R LET BAGGLE = 2
: LET ETRASISSUE.TINE+PREP.TIRE*HAGGLE
v LET TLCS=LEAD.TIFE (HOD)-TIRE.¥
AR 1F TLCSCETEA
0 LET DECISION=.YES
el ELSE
oY LET DECISION=.KD
"y ALUAYS
e 1F DECISIDN=.YES
. GO TO °*RECICLE®
) ALNAYS
Agh : WORK .125 DAYS
o IF BASE.PRICE(MOD) <= 10
- GO TO *LATE®
! ALNAYS
¢ LET GE(80D)=%
IF TYPE(BOD) =1
- LET DURATION=.25¢BASE.PRICE (NOD)
N ELSE
e LET DORATION=.125¢BASE.PRICE (8OD)
3 ALNATS
\ N WOKK DURATION DAIS
pa, GO 1O °LATE’
— ‘RECYICLE' LET NOTICE(BOD)=1
K WORK 125 DAYS
Qg IF BASE.PRICE(BOD) <= 10
. S0 TO °*SKIP®
)
"
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ALNAYS
WORK S DAYS
: LET GE(8ID) =)
K Ir TYIPE(BOD) =1
LET DURATION=,259BASE.PRICE (NOD)
ELSE
LET DURATIONSE,1256BASE.PRICE (ROD)
ALNALS
GORK DURATION DAXS
! *SKIP' LEY PRODP.TUO.PART=1/1503BASE.PRICE (ROD)
IF RANDOB.F(3) <= PROB.THD.PARY
*SPLIT® LET PART(80D)=1}
LET DURATIOR =- .,25% BASE.PRICE (NOD)
GORK DODRAZTIODE DAIS ’
ALUALS
*LATE® IF NOTICE(NMOD) = .MD
60 10 °*cueck’
. ALNAYS
D IF RANDORB.F(G)D>=.75
! G0 10 *ESY’
ALiAYS
: *BREAK® IF RAKDOB.P(5)>=.9
WAIT 125 DAYS
LET DELAY=1/2¢(TINE.V-IRITIATION.TINE (ROD))
J VAITI DEZLAY DAYS
! €0 10 *LarR’
ALWAYS
\ LET DORATIOR = ,25 & BASE.PRICTE (HOD)
WAXIT DOUORATION DAYS
IF RANDIB.F(5)>=.718
RELINQUISA | STAFF.OFFICER (1)
€O 10 *accepy®
ALUAYS
*RENEG® LET MEGOTIATIOK.TIBE = ,125%BASE.PRICE (BOD)
WAIT MEGCOTIATIOER.TIBE DAXYS
* IF RANDOB.F(5)<=.8
RELINJQUISH 1 STAFF.OFFICER(1}
60 20 *ACCEPT’
lL?l!S
IF KOTICE(BOD)=.TES
G0 TO0 °*LOOP*
ALYAYS
IF BASE.PRICE(NOD)C=10
LET ISSUE.TINE=,125
ELSE
LET ISSDE.TIBE=S
ALUAYS
LET PEEP.TIBE=BASE.PRICE(NOD)
LET BAGGLE=2
LET ETRA=]ISSUE.TIBE+PREP.TINE+HAGGLE
LET TLCS=LEAD.TINE(BOD)-TINE.YV
1F TLCS<KEIRA
LET DECISION=,XIES
ELSE
LET DEJ1SIDN=.B)D
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ALWAYS
IF DECIS1D8=.YES
RELIRJOISE 1 STAFF.OFFICER (1)
o S0 T2 *mEcCICLE®
Y ALUAYS
« 'LO0P* IF PART(80D)=0
» LET PROB.TWD.PART = 1/150%BASE.PRICE (BOD)
IF RAKDOB.F(4) <= PROB.THO.PAR?
RELINQUISHE 1 STAFF.OFFICZR(1)
€0 TO 'SPLIT®
\ ALVAYS
L) ALWAYS
3 GO TO °*RENEG®
Y ALNAYS
GO TO °*DIST*
'CRECK® IF RANDIB.F(8)<=.95
. 30 TO °'BREAK’
- ALEAYS
N IF BASE.PRICE(RID)<=10
& LET ISSUE.TINE=.125
N ELSE
o LET ISSUE.TINE=S
ALWAYS
N . LET PREP.TIBE=BASE.PRICE (RBDD)
. LET BAGGLE=2
: LET ETRA=ISSUE.TINE+PREP.TINE+HAGGLE
2 LET TLCS=LEAD.TIBE (ROD) -TIKE.V
. IF TLCSCETRA
LET DECISION=.YES
ELSE
LET DECISION=.NQ
ALWAYS
1F DECISION=.YES
GO TO °RECYCLE®
ALVATS
'EST® LET GE (MOD) =1
I? TIPE (BOD) =1 . .
LET DURATION=.25%BASE.PRICE (DD}
ELSE
LET DORATION=.125¢BASE.PRICE (80D)
ALWAYS
WORK DURATION DAYS
5 'DIST® WORK .125 DAYS
WORK S DAYS
*ACCEPT® IF RANDON.F (3)D=.9
LET DURATION = .25 & BASE.PRICE (HOD)
WORK DURATION DAYS
ALWAYS
N¥ORK .125 DAYS
RELINJDUISKE ' STAFF.OFTICER(})
LET CYCLE.TINZ = TIBE.Y - INITIATIONR.TINE(MOD)
PRINT 1 LINE GITH BASE.PRICE(MOD), INITIATION.TINE(NOD),

TIBE.Y AND CYCLE.TIAE TINUS
£8E, 08 S0, 68 [ 12 7% 1 o83 ,0¢

END

/%
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BASE.PRICE INITIATION.TIBE TINE.V CYCLE.TIBE

§.00 0. 3.00 3.00
8.00 §.00 6.25 2.25
10.00 2.00 7.25 $.25
10.00 6.00 10.00 .00
8.00 8.00 10.75 2.75
8,00 118.00 121.19 3.19
2.00 122.00 128.75 2.75
2.00 123.00 126.75 2.75
10.00 120.00 127.87 7.88
§8.00 126.00 128.75 2.75
8.00 128.00 130.25 2.25
8.00 130.00 132.25 2.25
8.00 132.00 138,75 2.75
§.00 136.00 138.25 ., 225
4.00 138.00 140.75 2.75
10.00 134.00 1481.87 7.88
8.00 140.00 142.75 2.75
8.00 182.00 1408.75 2.75
4.00 1us8.00 146.75 2.75
8.00 _ 146.00 189.00 3.00
8.00 159.00 152.75 2.75
.00 152.00 158.25 T 2425
4.00 154.00 156.25 2.25
4.00 156.00 158.25 2.25
10.00 148.00 158.37 10.37
10.00 158.00 163.25 5.25
10.00 160.00 164.00 .00
8.00 162.00 168.75 2.75
.00 164.00 166.75 2.75
§.00 166.00 169.75 3.75
4.00 168.00 170.75 2.75
8.00 174.00 176.75 2.75
10.00 172.00 177.25 5.25
10.00 170.00 177.87 7.88
8.00 178.00 180.25 2.25
§.00 180.00 184.37 .37
8.00 176.00 185.97 9.97
10.00 162.00 189.87 7.88
10.00 188.00 191.87 7.08
8.00 188.00 192.62 8.62
10.00 186.00 193.75 775
10.00 190.00 195.12 5.13
§.00 194.00 196.75 2.75
10.00 192.00 199.87 7.88
8.00 198.00 200.75 2.75
10.00 196.00 203.87 7.88

MODEL OF CORPS JF ENGINEERS THANGE ORDER PROCESSINS
PROCESSING IIRNE

THE BEAM TINE TO PROCESS A CHANGE ORDER WAS &.12 DAYS
WITE A STANDARD DEVIATIOX OF 2.16 DAYS.

QUEZOING INFO

THE AVERAGE WAITING TINME FOR A CHARGE AWAITING PROCESSING
WAS «03 DaAlS.

THE BAXIRUB WAIT ¥AS 1.00 DAYS.
STAFF OFFICERS MERE BUSY 59.085 PERCENT OF THEZ TIBE.
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Section A.2

CERL Duplication Program

Introduction

This program was used to duplicate the experiment

performed by USA CERL in 1977. This was done to

establish a common base for future program enhancement.
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o /715 J08 °rrz730, 0 *,°CEGRAD®,
= //  REGION=1020K ‘
NS /830BPARN LIRES=5000
S // EXEC S1B93CS
:‘a //CHP.SYSIE DD
: ’ PREANBLE
PROCESSES INCLUDE GEBERATOR
Y . EVERY BOD Ei1S A BASEZ.PRICE
N AND A TYPE
0 AND A LEAD.TINE
Lo AMD AN IRITIATION.TINE
i AND & BOTICE -
A AND 2 SE
AND A PARY
> RESOURCES IBCLUDE STAFF.OFFICER -
o) ) DEFIBNE BASE.PRICE AND LEAD.TINE 1S REAL VARIABLES
oy DEFINE TYPE, NOTICE, SE, AND PART AS INTEGER VARIABLES
S DEFINE CICLE.TINE AND IRITIATION.TINE AS REAL VARIABLES
P ACCUBOLATE AVG.QUEUZ.LENGTE AS THE AVERAGE,
L, . BAX.JOEUE.LENSTE AS THE BAXIBUR OF R.).STAPF.OPFICER
ACCOBULATE OTILIZATIOE AS THE AVERAGE OF N.XI.STAFr.OFFICER
S TALLY BEAB.CYCLE.TIBE AS THE BEAN OF CYZLE.TINE
3 : TALLY SD.CYCLE.TIAEZ AS TRE STD.DEY OF CYCLE.TIAE
- TALLY DIST (0 TO 500 BY 10) AS TAEZ HISTOGRAN OF CYCLE.TIRE
o DEFINEZ .YES TO BEAN O
3y DEFINE .¥O TO BEAR 1
- END
NAIN
2 DEFINE I AS AN INTECER VARIABLE
AN CREATE EVERY STAFF.OFFICER(1)
O : LET U.STAFr.OFFICEZR (1) =S
ACTIVATE & GERERATOR ROB
e STARY SINOLATION
; PRIST 9 LINES WITH BEAN.CYCLE.TINE, SD.CYCLE.TINEZ,
, AVC.JUEDE.LENSTE, BAX.QUEUE.LENGTE AND
Y UTILIZATIONS100/0.STAFF.OFFICER (1) THOS -
e ’ BODEL OF CORPS OF EENGIBEERS CHABGE ORDER PROCESSING
N PROCESSIBC TINE
e THEZ BEAR TIAE TO PROCESS A CHANGE ORDER WAS 99,88 DAYS
5 WITHE 2 STANDARD DEVIATIOR OF ©%,38 DAYS.
R, OUEUING INFO
TRE AVERAGE VAITING TIBE FOR A CHANGE AVAITING PROCESSING
a3 WAS 8,08 DAYS.
A THE MATINDE VAIT VLS 9%.88 DAYS.
. STATT OPFICERS SERE BUSY €3.9¢ PPRCENT OF TEEZ TIAEL.
i ‘ PRINT 2 LINE SITE DIST(1) THDS
LN CYCLE TISE RARGE :nnn:n
70 <10
rOR I=2 rO SO
P, PRIKT 1 LINE ®1TH 103(1-1). 1051 amp DIST (1) THUS
3 ‘..n_ [-$-3-3 (lt( |
. PRINT 1 LIBE UITH DIST(S1) *rnus
r: =T
e EXD
151 PROTESS GEEKEZRATOR
]
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PRINT 1 LINE THOS
BASE.PRICE INITIATION.TIRE TIRE.Y CYCLE.TIKE
FOR 1 = 1 20 20
Do -
ACTIVATE A nOD EkOW .
WAIT 2 DAYS
IF 1I=100
RESET TOTALS OF X.Q.STAFF.OFFICER, MN.X.STAFF.OrrICeR WD CYCLE.TINE
ALWAYS
LooP
END
PROCESS BOD
DEFINE DECISION AS AN INTEGER YARIABLE
DEFINE DURATION, NEGOYIATIOM.TINME, AND PROB.TWI.PART &S REAL VARIABLES
DEFINE TLCS,ETRA,ISSUE.TINE, PREP.TINE AND BAGGLE AS REAL VARIABLES
IFr lllDOl.r(ﬂ)<=.75

LET
LET
LET
LET
LET
LET

8=6.547
N=0.36
A=.778
=.,4661
c=8.2171
D=1.122

CALL RS GIVING H,¥,A,8,C AKD D YIELDING OOURATION

LET
LET
LET
LET
LET
LET

CALL BS CIVING B,.X,A,B,C AKD D YIBLDIIG DURATIOER.

ELSE

LET
LET
LET
LET
LET
LET

CALL RS GIVING H,¥,A,B,C AND D YIELDING DORATIOB

LET
LET
LET
LET
LET
LET

LET BASE.PRICE (MOD)=DORATION
LET TYPE (BOD)=1
n=6.8473
=t
l"-75§
=.1492
C=.0333
D=.1691

LET LEAD.TINE(NOD)=DURATIORTINE.V

n=17.18 .

¥=12.51 ' :
=.778 N

B=.8661

c=8.2171

D=1.122

LET BASE.PRICE (ROD) =DOEATION
LEYT TIPE (HOD)=2

n=as

N=12.28

420

Bz,283

C=.1766

D=.1766

CALL RS GIVING E,E,A,B,C AND D YIELDING DURATION
LE? LEAD.TINE (ROD) =DURATIONSTINE,.V
ALVATS
LET INITIATION.TIZE(NOD)=TINE.V
LET NOTICE (ROD)=0
LET SE(nOD) =0
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LET PART (80D)=0
REQUEST 1 STAFP.OFFICER (1)
IF TYPE (30D) =1
LET DURATIOR=,25%BASE.PRICE (MOD)
ELSE
LET DURATION=.1259BASE.PRICE (RMOD)
ALWAYS
MORK DORATION DAYS
RELIRQOISH ¥ STAFF.OPFIZER(1)
IF BASE.PRICE(mOD)<=10
LET ISSUE.TINE=.125
ELSE
LET ISSOE.TIEER=S
ALWAYS
LET PREP.TIME = BASE.PRICE(ROD)
LET BHAGSLE = 1
LET ETRA=ISSOE.TIME+PREP.TINE*BAGGLE
LET TLCS=LEAD.TIME (ROD)~-TIBE.V
IF TLCSCETRA
LET DECISION=.YES
ELSE
LET DECISION=.NO
ALRAYS
IF DECISIOR=.YES
GO TO *RECYCLE®
ALMAYS
REQUEST 1 STAFF.OFFICER(1)
WORK .125 DRIS
RELINRQUISHE 1 STAFF.OFFICER(1)
IF BASE.PRICE(MOD) C= 10
50 TO *LATE’
ALMAYS
LET GE(BOD)=1
IF TYPE(BOD)=1
LET DURATION=.25%BASE.PRICE (NDD)
ELSE
LET DURATION=.125¢BASE.PRICE (BOD)
ALWAYS
WORK DURATION DAYS
GO TO °LATE’
'RECYCLE® LET NOTICE (mOD) =1
REQUEST 1 STAFF.OFFICER(1)
¥WORX .125 DAXYS
KELINQUISHE 1 STAFF.OFPFICER(Y)
1F BASE.PRICE(MOD) <= 10
80 T0 °'SKIP’
ALNAYS
LET R=$S
LET K=2
LET =’.125
LET B=.2527
LET €=.0775
LET D=.3022

CALL RS GIVING B,N,A,B,C AKD D YIELDING DODRATION

VORK DURATION DAYS
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LET SE(noD) =1
IF TYPE(BOD) =1
LET DURATION=,25%BASE.PRICE (%0D)
ELSE
LET DURATION=.125¢BASE.PRICE (BOD)
ALWAYS
REQUEST 1 STAFF.OFFICEK(1)

NORK DURATIOR DAYS
RELINQUISH 1 STAYF.OFFICER(1)
*SKIP' LET PROB.TWO.PART=1/150%BASE.PRICE (NOD)

IF RANDOM.Fr (3) €= PROB.TWD.PART
'SPLIT' LET PART (80D)=1
LET DURLTION = .25% BASE.PRICE (%0D)
WORK DURATION DAYS
ALBAYS
YLATE®* IF KOTICE (ROD} = .RO
GO TO 'CRECK®
ALKRYS
IF RANDOR.r(8)>=.75
¥AIT 10 DAYS
€0 T0 'EST?
AL¥AYS
*BREAF® WAIT BASE.PRICE(NOD) DAYS
IF RANDON.F(5)>=.9
REQUEST V¥ STAFF.OFFICER(1)
WAIT .125 DAYS
KELINQUISH 1 STAFF.OFFICER(1)
LET DELAY=1/2¢(TINE.V-INITIATION.TINE (EOD))
¥AIT DELAY DAYS
€0 TO °*LATE’
ALUAYS
LET DURATION = .25 & BRSE.PRICE (MOD)
BREQUEST 1 STAFF.OFFICER(!}
WAIT DURATION DAYS
BELINQUISH ¥ STAFF.OFFICER(1)
IF RANDOR.F (5)>=.75
60 TO °*ACCEPY®
ALWAYS
' RENEG* LET KEGOTIATIOK.TINE = ,125¢BASE.PRICE (50D)
REQUEST ¥ STAFF.OFFICER(!)
VAIT HEGOTIATION.TIRE DAYS
RELISNQUISH 1 STAFF.OFFICER(1)
IF BANDOS.T(5)<=.8
GO TO °*ACCEPTY?
ALERYS
IF WOTICE(BOD)=.YES
GO TO °*LOOP*
ALVATYS
IF BASE.PRICE(8OD)<=10
: ELSE
LET ISSUE.TIBE=S
ALWAYS
LET PREP.TIRME=BASE.PRICE (NOD)
LET HAGGLE=1
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LET ETRA=ISSUE.TIBE+PREP.TINE*HAGCLE
LET TLCS=LEAD.TINE (BOD) -TINE.V
IF TLCSCETRA
LET DECISION=.YES
ELSE
LET DECISION=.NOD
ALWAYS
IF DECISION=.YES
GO TO °*RECYCLE’
ALUAYS
‘LOOP® IF PART(BOD)=0

LET PROB.TND.PART = 1/15038152-blICE(BDD)

IF RANDOM.F(3) <= PROB.THWO.PARY
GO TO °*SPLIT®
ALUAYS
ALWAYS
IF BANDOBM.F(5)<=.8
GO TO °REKEG®
ALVAYS
GO0 TO °DIST'
‘CHECK® IF RAMDON.F(8)<=.95
GO TO °BREAK®
ALUAYS
WAIT 10 DAYS
IF BASE.PRICE(FOD)<=10
LET ISSUE.TINE=.125
ELSE
LET ISSUE.TIME=S
ALVAYS
LET PREP.TIXRE=BASE.PRICE (MOD)
LET BAGGLE=1
LET ETRA=ISSUE.TIEKE+PREP.TIRE+HAGSLE
LET TLCS=LEAD.TIBE (BOD)-TINE.V
IF TLCSCETRA
LET DECISION=.YES
ELSE
LET DECISIOK=.RO
ALWAYS
IF DECISION=.YES
GO TO *RECICLE®
ALUATLS
'EST' LET GE(%0D) =1
IF TYPE (nOD) =1
LET DURATION=.25¢BASE.PRICE (M2D)
ELSE
LET DURATION=.125¢BASE.PRICE (ROD)
ALVAYS
WORK DURATION DAYS
'DIST* MORK .125 DAYS
LET n=13
LET N=$S
LET A=~,725
LET B:.2527
LET C=.0775
LET D=z.3822
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s CALL RS GIVING ®,N,A,B,C AND D YIELDING DURATION
i WORK DURATION DAYS
; *ACCEPT® IF RANDOM.F(4)>=.9
LET DURATION = .25 % BASE.PRICE (MOD)
WORK DURATION DAYS

ALUAYS

REQUEST 1 STAFF.OFFICER(1)
WORK .125 DAYS

RELINQUISH 1 STAFF.OFFICER(1)

LET CYCLE.TINE = TINE.V =~ IRITIATION.TIME(ROD)
PRINT 1 LIRE NITH BASE.PRICE(MOD), INITIATIOK.TIEE (NOD),
TIME.Y AND CYCLE.TIBE THUS

x2$, &8 &$E, 08 L2298 1 L2330 3
END
ROUTINE RS SIVER B,N,A,B,C ARD D YIELDINS DURATION
K . DEFINE K,N,A,B,C AND D AS REAL VARIABLES

LET P=RANDOK.F (1)
LET DURATION=KL+N% (A+ (PEEC~(1-P) +%D) /B)
f IF DURATIONCO
. LET DURATION=0
; ALWAYS
;. RETURN WITHK DURATIOE
END
/%
L //GD.SYSIN DD &
/%
//
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BASE.PRICE INITIATION.TINE  TINE.Y  CYCLE.TISE
3.09 2,00 12.16 10.16
1.72 18.00 , .21.08 3.08
.86 22.00 23.86 1.86 , :

10.10 . 6000 . 29093 23093‘ . .'

3.01 8.00 30.28 22.28 . |
19.33 0. - 30.59 30.59

5.02 18.00 31.90 17.90

6.06 26.00 35.34 9.38

2.98 28.00 38.18  10.18

2.29 38.00 . 81.96 . 3.96
11.98 12.00 82,91 30.91
30.89 8.00 50.58 86.58 ,
17.58 28,00 . s2.81 28.81 i

5.54 ~ 3%.00 58.77 20.77 - | '
15.65 20.00  55.62 35.62 ]
28.55 10.00 $6.65 86.65

8.51 30.00 59.59 29.59
13.39 32.00 61.57 29.57

3.82 36.00 66.38 30.38 | ﬁ
RODEL OF CORPS OF ENGINEERS CHANGE ORDER PEOCESSING

PROCESSING TIXE
THE NEAM TIBE TO PROCESS A CHARGE ORDER ¥AS 22.32 DAYS
WITR A STANDARD DEYIATIOKN OF 13.02 DAYS.
QUEUINS INFO
THE AVERAGE VAITING TIME FOR A THAVWGE ARRITI¥G PROCESSING
wAS 0. DAYS.

TRE MAXIBUN WAIT WAS O. DAYS.
STAFr OFFICERS RERE BUSY 36.11 PERCERT DF THE TINE.

CYCLE TINE RABGE NUNBER

<10 q
10 <=x<C 20
20 <=< 30

: 30 <=1< 40
- 40 <= 50

50 <=r< 60
60 <=x< 70
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10N Section A.3

The New Model Program

B
55} Introduction

gk This program was the final product of the
$g research and incorporated all enhancements such as
) data based probability distributions and flow path

1 decision probabilities.
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//TS JOB ‘FFz730, ' ,'CEGPRAD®,
// REGIOK=1024K
\ /%JOBPARN LINES=5000
v // EXEC SIr93ce
N //CPP.SYISIN DD %
Y PREANBLE
PROCESSES INCLUDE GENERATOR

y EVERY MOD HAS A BASE.PRICE
B ANKD A TYPE

4 AND A PROP.TIFE

o AND A LEAD.TIEZE
'd AND AN INITIATIOK.TIRE
R AND A NOTICE
AKD A GE
KND A PART
N RESOURCES INCLUDE STAFF.OFFICER

‘ DEPINE BASE.PRICE AND LEAD.TIRE AS REAL VARIABLES
DEFINE TYPE, NOTICE, GE, AND PART AS IKTEGER VARIABLES
DEFINE CYCLE.TIME AND INITIATION.TIMKE AS FEAL VARIABLES
ACCONMULATE AVG.CUEUE.LENGTH AS THE AVERAGE,

¥MAX.QUEUE.LENGTE AS THE MAXIMUM OF K.Q.STAFF.OFFICER
o ACCUBULATE UTILIZATION AS THE AVERAGE OF N.X.STAFF.OFFICER
;% TALLY KEAK.CYCLE.TIKE AS THE MEAK OF CYCLE.TIEE
¢
"

FatafeZnd

e

TALLY SD.CYCLE.TIMRE AS TEE STD.DEV OF CYCLE.TIME
TALLY DIST (0 70 500 BY 10) AS TEE HISTOGRAM OF CYCLE.TIMNE

N DEFINE .YES TO FEAN O
th) DEFINE .NO TO NMEAK 1
END
|’," BAIN
N DEFINE I AS AK INKTEGER VARIABLE
o CREATE EVERY STAFF.OFFICER (1)
& LET U.STAFF.OFFICER(1)=5
o ACTIVATE A GENERATOR NOW
v START SIMULATION

FRINT 9 LINES WITH MEAN.CYCLE.TIME, SD.CICLE.TIFE,
: AVG.QUEUE.LENGTH, MAX.CUEUE.LENGTH ARD

L ]

-,:k UTILIZATIOK*100/U.STAFF.OFFICER(1) THUS

o MODEL OF CORPS OF EXGINKEERS CHANGE ORDER FROCESSIN

'd PROCESSING TIME

. THE MEAN TIME TO PROCESS A CHANGE ORDEE WAS ¥%.¢% DAYS
\':' WITH R STANDARD DEVIATION OF %&.,%% DAYS.

QUEUING INFO
THE AVERAGE VAITIXG TIME FORK A CHANGE AWAITING PROCESSING

s KAS $5,.%% DAYS.
':Z THE MAYINUE WAIT KAS ®%,.2¢ DAYS,
b STAFF OFFICERS WERE BUSY ©%,%% PERCENT OF THE TIFE.
'~ PRIFT 2 LINES WITE DIST(1) THUS
! CYCLE TIKE RANGE MUNBER
<=T &
s FOR I=2 TO 50
e PRINT 1 LIKE WITH 10¢(I-1), 10%I AND DIST(I) THUS
K %% (=TC =2 &
A PEINT 1 LINKE WITH DIST(S1) ruus
<=7

n'!' END
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PROCESS GENERATOK
FOR I = 1 TO 5000
Do
ACTIVATE A KOD KOW
WAIT POISSOK.F(2.0,1) DAYS
1F I=100
RESET TOTALS OF K.QeSTAFF.OFFICER, K.X.STEFF.OFFICER AXKD CYCLE.TIAE
ALWAYS
L00P
END
PROCLSS nOD
DEFIKE DECISION AS AN INTEGER VARIABLE
DEFINE DUKATION, NEGOTIATION.TINE, ARD PROP.TYO.PART RS REAL VARIABLES
DEFINE TLCS,FTRA,ISSUE.TIE,PREP.TIKE AND EAGGLE AS REAL VARIABLES
IF RANDCH.F(4)<=.75
LET n=5.92
LET N=6.33
LET A=1.311
LET B=.4U1S
LET C=4.3993
LET D=.309
CALL RS GIVING M,N,R,B,C AKD D YIELDING DURATION
LET BASE.FRICF (rOD) =DUEATION
LET TYPE (KOD)=1
LET F=9.64u
LET N=10.85
LET A=1.577
LET B=.364U
LET €=19.983
LET 0=.60731
CALL PS GIVING P,K,A,B,C AKD D YIELDING DURATION
LET LEAD.TINE (MOD) =DURITION+TIME.V
LET FROP.TINE (KOD)=DURATION
ELSE
LET £=14.6
LET N=14.29
LET A=.773
LET R=.5008
LET C=5.5245
LET D=.85032
CALL RS GIVING F.K,A,B.C AED D YIELDING DURATION
LET BASE.PRICE (WOD) =DURATION
LET TYPE (nOD)=2
LET E=10.083
LET N=35.72
LET A=-.381
LET B=.5732
LET C=.8965
LET D=2.2392
CALL KS GIVING F,¥,A,B,C AND D YIELDING DURATION
LET LEAD.TIEE (ROD)=DURATION+TIFE.Y
LET PKOP.TINE (KOD)=DURATION
ALNAYS
LET IMITIATIOE.TIRE("OL)=TINE.YV
LCT NOTICL (rOD)=0

-.'~_4. T .-f-'\‘ \_..'.i
- . = \
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& 1LET GE(nOD) =0
xj LET PAKT (MOE)=0
g REQUEST 1 STAFF.OFFICER())
o IF TYPE (MOD) =1
-3 LET DURATION=.25%EASE.PRICE (%0D)
L ELSE
LET DURATION=.1252BASE.PRICE (ROD)
e ALKAYS
B WORK. DURATIONM DAYS
v RELINOQUISH 1 STAFF.OFFICER(1)
§§ IF BLSE.PRICE(MOD)<=10
. LET ISSUE.TINE=.125
i ELSE
LET ISSUE.TIKE=S
. ALVAYS
25 LET PREP.TINE = PASE.PRICE(%0D)
T LET HAGGLE = 1
e LET ETRASISSUE.TIEE4PREP.TINE+HAGGLE
b LET TLCS=LEAD.TI%E (ROD)-TIKE.V
‘%} IF TLCS<ETKA
w LET DECISION=.YES
) ELSE
53 LET DECISIOK=.NO
e AL¥AYS
5: IF DECISION=.YES
o5 GO TO °*RLCYCLE®
> ALVAYS
; REQUEST 1 STAFF.OFFICER(1)
. ¥ORK .125 DAYS
O RELINQUISH 1 STAFF.OFFICER(1)
- IF BASE.FRICE(ZOD) <= 10
o GO TO °LATE'
- ALWAYS
s LET GE(BOD)=1
g IF TYPE (MOD) =1 _
LET DCRATION=.25%EASE.PRICE (%0D)
wy ELSE
- LET DURATION=.125¢BASE.PRICE (%0D)
o ALMAYS
o WORK DURATION DAYS
AN GO TO °‘LATE!
> *RECYCLE® LET NOTICE(rOD)=1
REQUEST 1 STAFF.OFFICER(1)
A KOKK .125 DAYS
- KELINQUISH 1 STAFF.OFFICER(1)
o 1IF EASE.PRICE(MOD) <= 10
¥ GO TO °*SKIP'®
I ALWAYS
al LET B=5
LET N=2
[ LET A=-.725
L LET BR=.2527
A LET C=.0775%
e LET U=.3422
e CALL PS GIVING F,b,A,B,C RLD D YIELDING DUPATION
‘
.
o
¥
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WORK CURATION DAYS
LET GE (rOD) =1
IF TYPE (rOD) =1
LET DUKATIOK=.25SEASE.PRICE(MOD)
FLSE
LET DURXT10K=,125¢RASE.PRICE (KOD)
ALKAYS
HEQUEST 1 STAFF.OFFICER(1;
WOKK DURATION DAYS
RELINCUISH 1 STAFF.OFFICER(1)
*SKIP' LET FROE.TKO.PART=1/1509BASE.PRICE (KOD)
IF RANDOK.F(3) <= PROB.TWC.PART
*SPLIT* LET FART(LOL)=1
LET DURATIOK = ,25% LASE.PRICE (NOD)
WORK DUKATION DRYS
ALWAYS
*LATE® 1F NOTICE (POD) = .NO
GO TO °*CHECK®
ALVAYS
IF RAKDOL.F(8)>=.99
NAIT 10 DAYS
CO TO "EST®
ALVAYS
*BREEL' &AIT PROP.TINE(NOD) DAYS
IF RLNDOF.F(5)>=.9
REQUEST 1 STAFF.OFFICER(1)
¥AIT .125 Days -
FELINCUISE 1 STAFF.OFFICER(1)
LET DELAY=1/2%(TIKZ.V-INITIATIOK.TINE (NOD))
¥AIT DELAY DiAYS
GO TO 'LATE®
ALWAYS
LET K=34.1
LET N=50.78
LET A=1.863
LET B=.3195
LET €=12.398
LET D=.34295 .
CALL RS GIVING F,N,A,B,C AKD D YIELDING DURETION
WAIT DURATIOE DAYS
IF RANDOE.F(5)D=.75
GO TO °‘ACCEFT®
ALEARYS

*RENEG® LET KEGOTIATION.TIAE = .125¢BASE.PRICE (MOD)

REQUEST 1 STAFF.OFFICER(1)
WAIT NEGOTIATIOR.TINE EAYS
RELINQUISH 1 STAFF.OFFICER(T)
IF RANDCL.T(5)<=.9
GO TO *ACCEPT®
ALVAYS
IF KOTICE(MOD)=.YES
GO TO ‘'Loop*
ALWAYS
IF BASE.PRICL(rOD)<K=10
LET ISSUE.TIKE=.125

N e,
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ELSE .
LET ISSUE.TINE=S
ALVWAYS
LET PREP.TINE=BASE.IRICE (NCD)
LET EAGGLE=1
LET ETRA=ISSUE.TIFE+PREP.TIME*HAGGLE
LET TLCS=LEAD.TINME (KOD)-TILE.V
IF TLCS<ETRA
LET DECISION=.YES
ELSE
LET DECISION=.KRO
ALWAYS
IF DECISION=.YES
GO TO °*RECYCLE'
ALRAYS
‘LOOF' IF PAKT(MOD)=0
LET FROB.TWO.PLRT = 1/150¢BASE.PEICE (%OD)
IF RANDOK.F (4) <= PROI'.TWO.PART
GC TO *SPLIT®
ALEAYS
ALRAYS
IF RAKDOM.F (5)<=.99
GO TO °‘RENEG®
ALWAYS
GO T0 °'p1sT’
‘CEECK® IF EAKDCE.F (8)<=.95%
GO 70 °‘BREAK'
AL¥RYS
WAIT 10 DRYS
IF BASE.PRICE(NOD)<=10
LET ISSUE.TIKE=.12S
ELSE
LET ISSUE.TIBE=S
ALWAYS
LET PREP.TINE=BASE.PRICE(%0D)
LET HAGGLE=1
LET ETRA=ISSUE.TINE+PREP.TIFNE+*HAGGLE
LET TLCS=LEAD.TINE (MOD)~-TIFE.V
IF TLCS<ETRA
LET DECISION=,YES
ELSE
LET DECISION=.NO
ALWAYS
IF DECISION=.YES
GO TO °*RECYCLE’
ALWAYS
'EST' LET GE(roD)=1
IF TYPE (nOD) =1
LET DURATION=.25FLASE.PRICE (NOD)
ELSE
LET DUAATION=Z,125%LkSE.PRICE (MOD)
ALWAYS
¥ORK DURATION LAYS
*DIST® WORKK 125 DAYS
LET m=13
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LET N=5
LET &A=-.725
LET B=.2527
LET C=.0775
LET D=.3422
CALL RS GIVING K,K,A,B,C AKD D YIELDING DUEARTION

YORK DURATIOE DAYS

*ACCEPT® IF RANDOR.F (4)>=.99

LET DURKATION = .25 % BASE.PRICE (ROD)
WORK DUKATIGN DAYS

ALWAYS

REQUEST 1 STAFF.OFFICER (1)
WOBK .125 DAYS
HELINQUISH 1 STAFF.OFFICER(1)
LET CYCLE.TINE = TIME.V ~ INITIATION.TIME(MOD)

END
ROUTINE RS GIVEN ¥ ,N,A,B,C AKD D YIELDIRG DURATION
DEFINE M,N,A,B,C AND D AS REAL VAKRIABLES
LET P=EANDOM.F(1)
LET DURATIOK=E+KS (A+ (PFXC~(1-P)$%D) /B)
IF DUKATICHNCO

LET DURATION=0
ALNAYS
RETURK KITH DURATION
L¥D
/%
//GO.SYSIN DD ¢
/%
//




!

, I;s

b
\
¥
\
1

< Tl
b

RODEL OF CORPS OF ENGINEERS CHANGE ORDER PROCESSIRG
PROCESSING TIEE
THE NEAN TIME TO PROCESS A CHAKGE ORDER ¥AS 51.99 DAIS
WITH A STABDARD DEVIATION OF 58.72 DAYS.
QUEUING INFO
THEZ AVERAGE VAITIXG TIAE FOR A CHARGE AWAITING PROCESSING
WAS <08 DLYS.

THE EAXINUA EAIT EAS 10.00 DAYS.
STAFF OFFICERS WERE BUSY 36.19 PERCENT OF THE TINE.

CYCLE TINE RABGE KUNBER
<=1 , 949

10 <=< 20 838

20 <=1< 30 646

30 <=3< 80 436

40 <=7< 5C 351

50 <=1< 60 321

60 <=1< 70 228

70 <=1C 80 178

80 <=1< 96 _ 12

90 <=7< 100 123
100 <=1< 110 e9
110 <=1< 120 . 68
120 <=7< 130 67
130 <=7 180 70
180 C=1< 150 49
150 <=1< 160 60
160 <=1< 170 39
170 <=1< 180 43
180 <=7< 190 38
190 <=1< 200 30
200 <=1< 210 _ 29
210 <=1< 220 - ‘ N
220 <=1< 230 17
230 <=1< 280 28
240 <=1< 250 20
250 <=1< 260 : 13
260 C=1< 27C 13
270 <=1< 260 16
280 <=1< 290 : 8
290 <=r< 300 6
300 <=1¢< 310 1
310 <=r< 320 s
320 <=1< 330 3
330 <=1< 340 1
340 <=1< 35C 1
350 <=1< 360 1
360 <s1< 370 0
370 <=1< 380 0
380 C=1< 390 0
390 <=1< 800 2
400 <=1< 810 0
610 C=¥< 820 0
420 C=1< 430 0
430 <=1 880 0

4uo <=1< 8450
450 <=r< 860
460 <=1< 870
470 <=7< &80
480 <=1< 290
490 <=r< 500
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’ Appendix B

@ AMPRS Data Listing
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! Table 5
AMPRS Data Listing

OBS TOT TREX TYPE PREP REV GE CE DIC FERC COW EASE  TPERC
1 14 18898 O 6 7 0 €.00 S2 12.000 1 18.898 0
, 2 12 8000 1 10 2 0 1.00 819 4.000 2 ©€.000 0
h 3137 3799 0O 15 137 1 15.00 0 1.000 3 3.799 1
& 13 1700 O 12 1 012.00 0 C€.500 3 1.700 2
; 5 186 2239 © 186 0 © 18.40 193 ©0.800 3 2.239 1
) 6 287 1262 0© 272 0 0 18.80 309 0.400 3  1.262 2
7 20 u8us o 9 11 0 18.40 166 1.600 3  4.uLS 1
8 1 1243 0 0 0 0 42,00 214 C.400 3 1,243 2
9 €3 29206 1 17 47 1 17.00 317 10.300 3 29.206 0
10 95 6066 O 0 95 O 1B8.40 312 2.800 3 EB.0BG 0
11 33 8517 O 6 27 0 6.00 336 3.000 3 6.51 0
12 4 1293 0 4 0 1 4,00 389 0,300 4 1.263 3
13 52 7455 O 23 29 1 23.00 338 1.800 4  7.u5%5 1
14 74 40BC O 0 25 0 10.00 299 1.000 & 4,080 )
N 15 208 2194 O 15 0 0 15.00 334 0.5¢0 4 2.1°4 2
16 225 878 0 ‘49 176 0 16.00 211 0.200 4 0.&74 5
17 1€0 19810 O 0 10 0 13.60 63 4.700 & 19.810 0
18 27 23260 1 15 12 0 8.60 266 3.5C0 5 23.260 0
19 48 -5750 1 6 32 0 6.00 239 -0.900 S 5.750 -1
20 .y 2130 © 18 30 0 13.00 191 0.300 S  2.130 3
_ 21 30 44130 1 10 20 1 10.00 17 6.600 5 6Gu.130 0
4 22 69 1065 O 6 €3 0 6.00 1248 1.500 S 10.0%8 1
B 23 9 1500 O 9 0 0 8.00 30 0.200 5 1.500 1
24 27 12066 O 0 0 O 8.60 O 1.B00 S 12.068 1
25 237 18000 O 0 237 0 B.60 232 2.700 5 18.000 0
26 26 o 1 0 26 0 10.80 347 0.000 6 0.000 0
27 31 7037 0 15 16 11 15.00 221 6.500 6 7.037 0
28 15  4u98 O n 4 3 11.06 108 G.100 6 U.uo98 0
29 30 857 © 20 0 O 19.00 184 0.8400 6 0.u57 2
30 M 595 0 1 7 1 1.00 92 0.500 6 0.595 2
31 23 1966 O 13 10 1 12.00 61 1.800 6 1.966 1
32 135 3985 1 86 49 1 19.00 184 3.700 6  2.985 ]
33 4 M 0 8 0 1 1.00 38 0.700 6 0.771 1
3 14 1650 © 7 7 1 7.00 43 1.500 6 1.65 1
s 5 2026 O 36 15 0 13.00 31 1.900 6 2.02 1
36 28 5998 © 8 20 1 11.00 60 15.000 7 5.998 0
37 4 1872 © 0 0 0 1.00 0 u.600 7 1.872 0
K g 25 641 0 7 0 0 ?7.00 306 0.020 8 0.6u1 50
39 N 9242 © 21 3 1 1.00 134 0.u00 & 9.262 2
. 40 3ulb 14 O 186 79 0 1.00 369 0.006 6 0.148 167
41 3Juu 601 0 8 O 0 40.00 369 0.020 8 0.601 S0
" 42 344 1321 0 e B 0 12.25 369 0.060 B8 1.321 17
) 43 16 27335 1 S 11 1 8.00 176 15.000 9 27.335 0
ug 38 17835 © 0 3¢ 0 34.00 170 9.900 9 17.835 0
X 45 1 66ug 0O 0 O 0 16.00 136 3.700 9 6.64B 0
. te U 962 0 8 0 1! 4.00 66 0.500 9 0.962 2
u? 75 9636 O 0 S4 0 3.00 205 1.300 10 9.628 1
48 1846 22889 O 90 %6 0 90.00 142 3.000 10 22.8u9 0
. 49 182 9uuy 1 18 13 0 39.00 162 1.200 10 9.4a? 1
i S0 2u4 212678 1 229 16 B 64.50 120 28.000 10 212.874 v
! £1 135 4136 1 1 134 0 36,00 O 0©.500 10 8.136 2
) 52 133 14227 © 17 116 0 34,00 0 1.9CC 10 14,227 1
3 53 14 7758 0 0 0 1 25.50 263 ¢€.800 12 7.7%4 1
Su 138 -748S O 95 43 1 95.00 403 -0.700 12  7.4ES -1
S5 128 10525 9 12 116 0 14.00 411 1.000 12 10.52% 1
56 25 262 0 0 25 0 25.50 290 €.090 12 0.9€2 n
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" Table 5 (continued)
g OBS TOT THEX TYPE FREP REV GE CE DTC PLRC CON BASE TPERC
o~ 57 1% 1370 © 4 121 4.0 283 0.1 12 1.370 6.9999
N 58 1 20536 © ()} 11 1.0 366 2.0 12 20.53€ 0.5000
- 5 49 15750 © 26 231 25.5 171 1.6 12 15,750 0.€£250
o) 60 41 4122 O 22 19 & 22.0 180 0.t 12 4.122 2.5000
61 30 165012 1 15 150 15.0 161 16.0 12 165.012 C.C625
N 62 142 668 © 0 1420 S.0 176 0.9 13 0.668 1.1111
K-, 63 21 700 O 14 11 15.0 29 2.0 wu 0.700 0.5000
. €4 18 575 1 12 01 12.0 0 1.8 14 0.575 0.5556
N 65 48 2095 O 28 20 0 2B.0 262 0.2 12 2.095 5.0000
&
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By Appendix C

Correlation Matrix
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ﬁ; Correlation Matrix
1§;§ VAKIABLE ] EEAR  STD DEV SUB  BINIBUA  BAXINUM
)
ool
44 ¥
TOT 65 18,7 91 5118 1 34
Y -
;n'.' TYPE 65 0.2 0 1 0 1
‘-. D
D) )
f%“ PREP 65 27.2 54 1768 0 272
‘;'1:\'
e REV 65 33.5 50 2180 0 237
XN GE 65 0.7 2 (¥ 0 n
\:g‘t
%%s CE 65 17.2 18 1115 1 95
‘l
gwk DTC 65 190.0 128 12348 o 419
1‘-“9‘
TPERC 65 15390.3 124038 1000367 -1 1000000
Hs cok 65 1.2 3 865 1 1a
v,
-
g .)I
0‘ -
X CORRELATIOR COEFFICIENTS / PROB > |R| UNDER HO:RHO=0
/ N = 65
o TOT TIPE PREP REV
o)
l*qt
2! 10T 1.00000 -0.00309 0.61988 0.88619
N TOTAL TINE 0.0000 0.9805 0.0001 0.0002
. TYPE ) ~0.00309 1.00000 0.038u48 0.11555
'ﬁi 0.9805 0.0000 0.7609 0.3594
'(-_‘
WY PREP 0.61948 0.03898 1.00000 -0.02377
o\ PROPOSAL PREPARATION TINE  0.0001 0.7609 0.0000 0.8509
o
—~ REV 0.u4619 0.11555 ~0.02377 1.00000
- REVIEW 0.0002 0.3598 0.8509 0.0000
(3~ v‘
SN GE -0.03800 0.06188 0.15895 -0.13695
‘ \'.)"
A CE 0.30971 0.03086 0.34678 0.12953
CONTRACTORS ESTINATE 0.0121 0.8072 ©0.0037 0.3038
o DTC 0.30089 0.09991 0.16158 0.01582
o DAYS TO COMPLETE 0.0149 0.0288 0.1985 0.900%
Yol
o TPERC -0.0727¢ 0.23856 -0.06328 -0.01895
e 0.5647 0.0557 0.6165 0.8809
+9. ¢
COoN -0.00367 0.09692 -0.03782 0.06077
NS CONTRACT NUMBER 0.9768 0.4425 0.7673 0.6306
“re
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Table 6 (continued)

cE CE PTC TPERC
10T -0.03800 0.30971 0.30089 -0.0727%
TOTAL TIAE 0.7638 0.0121 0.0189 0.56a7
TYPE 0.06188 0.03086 0.09991 0.23856
0.6246 0.8072 0.42848 0.0557
PREP 0.19895 0.3u678 0.16358 ~0.06328
PROPOSAL PREPARATIOE TINE 0.1121 0.0047 0.1985 0.616%5
REV -0.13695 0.12953 0.01582 -0.01895
REVIEW 0.2767 0.3038 0.9005 0.B839
GE 1.00000 0.14972 -6.06564 -0.05193
GENERAL ESTIBATE 0.0000 ©0.2339 0.6038 0.6812
CE 0.15972 1.00000 O0.0€23% ~0.044u7
CORTRACTORS ESTINLATE 0.2339 0.0300 0.5141 0.7750
pIC -0.06564 0.08239 1.00000 0.15912
DAYS TO COMPLETE 0.6038 0.514%1 0.0090 0.2055
TPERC -0.05193 -D.06337 0.15912 1.00000
0.6812 0.7250 0.2055 0.0000
coRr D.118U0 0.27756 -0.02890 -0.04221
CONTRACT NOBBER 0.3875 0.0252 ©0.8B193 0.7385
con -
To0T -0.00367
TOTAL TIAE 0.9766
TIPE 0.09692
0.8425
PREP -0.93742
PROPOSAL PREPARATION TINE 0.7673
REV 0.06077
REVIEN 0.6306
GE 0.11840
GENERAL ESTIMATE 0.347S
CE 0.27754
CONTRACTIDRS ESTIMATE 0.0252
prC -0.02890
DAYS TO COPMPLETE 0.8193
TPERC ~-0.00221
0.7385
con 1.00000
~CONTRACT NUMBER 0.0000
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Appendix D

RS Subroutine Verification Program

Introduction

This program was used to insure that the RS
probability distribution was performing as expected. The
key to this program's utility lies in the format of its

output.
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e
! /715 Jos °rrzi3o, *,*CEGERAD®,
X // REGLON=1028K
o /©JOBPARE LIRES=5000
‘P // XIEC S1B93Cs

. //CHP.SYS1N DD ®

PREABBLE

s PROCESSES 1XCLUDE GEMERAIOR

Qf EVERY BOD HAS A BASE.PRICE

o AND A TYPE
A AND & LEAD.TIBE

i . AND AN INITIATION.TIME

o AND A MOTICE

AND A GE

. AND A PART
B RESOURCES INCLUDE STAFF.OFFICER
Q\ DEFINE BASE.PRICE AKD LEAD.TINE AS REAL VARIABLES

) %

X DEFINE TYPE. NOTICE, GE. AND PART &S INTEGER VARIABLES

O DEFINE CYCLE.TIBE AND INITIATION.TIME AS REAL VARIABLES

o ACCUBULATE AVG.UUEUE.LENGTH AS THE AVERAGE,
BAX.QUEUE.LENGTH AS THE MAXINUB OF K.D.STAPF.OFFICER

al ACCURULATE UTIL1ZATION AS THE AVERAGE OF N.X.STAFF.OFFICER
>e TALLY BEAN.CYCLE.TINE AS THE MEAN OF CYCLE.T1aE

g TALLY SD.CYCLE.TIBE AS TKE STD.DEV OF CYCLE.TICLE

-3 DEFINE .YES TO HEAN O

v DEFINE .NO TO REAN 1

Ny END

HAIN _ .

- CREATE BVERY STAFF.OFFICER (1)

vy LET U.STAFF.OFFICER{1)=5000

s§ ACTIVATE A GENERATOR MOV

: START SIMULATION

o PRIXKT 9 L1MES WITH MEAN.CYCLE.TIRE, SD.CYCLE.TIBE,

o AVG.QUEUE.LENGTH, MAX.QUEUE.LENKGTH AND
UTIL1ZATIONR®100/0.STAFF.OFFICER(1) THUS

BODEL OF COBPS OF ENGINEERS CBANGE ORDER PROCESS?'NC

ok "PROCESSING TINE

" THE BEAN TINE TO PROCESS A CHANGE ORDER WAS %5.%% DAYS
o ITH A STANDARD DEVIATIOMN OF %%.%% DAYS.

A UEUING 1NFD

I JHE AVERAGE WAITING TINE FOR A CHANGE AKAITING PROCESSING

UAS 86,33 DAYS.
Iy THE BAXIBRUN BAIT WAS 3%.33% DAYS,
} Q STAFF OFFICERS WERE BUSY %=%,%¢ PERCENT OF THE TINE.
Eud
% PROCESS GEKERATOK
PRINT 1 LINE THUS
»h& 6ASE.PRICE INITIATION.TILE TICE.V CYCLE.TIRE
FOR I =1 10 10
Do
ACTIVAIE A nOD KOM
WAIT 2 DAYS
LooP
1471
PROCESS mnOD
‘ DEFINE DECISION AS AN INTEGER VARIABLE
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y DEFINE DURATION, BEGOTIATION.TINE. AND PROB.TWO.PART AS REAL VARIABLES
y DEFISE TLCS,ETRA,ISSUE.TINE.PREP.TINEZ AND HAGGLE AS REAL VARIABLES
) * IF RANDOB.F(U)<=.75
. LET B=6.547
y LET nu=8.36
LET A=,778
: LET B=.U4661
P, LET c=8.21N
N LET D=1.122 -
3 CALL RS SIVING B,.N.i.B,C AND D YIELDING DURATION
7 PRINT 1 L1NE ¥ITH DURATIOE THUS
f) RS1=z &%, %8
LET BASE.PRICE (BOD) =DUEATION
. LET TIPE(nOD)=1
b LET B=6.8473
' LET W=y
LET A=-,754
LET B=.1u492
LET C=.0333
LET D=.1691
CALL RS SIVING M,.N,.:,B,C AND D YIELDING DURATIOM
3 PRINT 1 LINE NITH DURATION THUS
. RS2= 853,85
LET LEAD.TIBE (BOD)=DUEATION¢TINE.Y
ELSE
LET B=17.18%
LET N=12.51
LET as.778
LET B=.4661
LET Cc=8.2171
LET D=1.122
CALL RS SIVING 8,.5,..,B8.C AKD D YIELDING DURATION
PRINT 1 LINE SITH DURAT1ON THEDS
RS3= 20%, 88
LET BASE.PRICE (BOD)=DULATION
v LET TYPE(BOD)=2
LET mn=45 '
LET N=12.28
LET A=0
LET B=.243
LET Cz,1766
LET D=.1766
CALL RS GIVING M.K,2,B,C AND D YIELDING DURATION
PRINT 1 LINE NITH DURATION THUS
RSL4= $068,88
LET LEAD.TINE (BOD) =DURATION+TINE.YV
ALUAYS
LET I1TIATION.-TIME(ROD)=TINE.YV
LET WOTICE (BOD)=0
LET GE(MOD)=0
N LET PART(nOD) =0
REQUEST 1 STATF.OFFICER(1)
IF TYPE (ROD) =1
LET DURATION=.25¢BASE.PRICL (RDD)
! ELSEZ

- -

o

- N e U S T o A N N o o I T T e S i e S S ¥ T
R 1o fm N O A et RS AT N 23t S
L) » L] L -

W \'\

DA o » Lint M) Q,l




* . . . g) Lhan Mia foin Sik goa b B i ol s dhed aaad wab TP T T T T T N W IW Y YT w I w

B
r'\:
4"(
"“
g
e 155
s:'
" LET DURAYION=.125¢BASE.PRICE (MOD)
R ALUAYS
:: WORK DURATIOL DAYS
K 1F BASE.PRICE (MOD)C=10
Y, LET ISSUL.TINBE=.125
ELSE -
”» LET ISSUE.TIBE=S
h, ALNAYS
s LET PREP.TINE = BASE.FRICE(ROD)
W LET BAGGLE = 1
g LET ETRAZISSUE.TINE+PREP.TIRE+HAGGLE
A LET TLCS=LEAD.TInt (roD) -TILE.V
IF TLCS<ETRA
. LET DECISION=.YLS
) ELSE
>, LET DECISION=.0
o ALVAYS
. IF DECIS1DN=.YES
P GO TO °RECICLE®
ALNAYS
WORK .125 DAYS
" IF BASE.PRICE (BOD) «= 10
" GO TO °*LATE®
~ ALWAYS
\ LET GE(nOL) =1
0 1F TYPE (NOD) =1
+ET DURATION=.25%BASE.PRICL (3DD)
. ELSE
~ LET DURAY1ON=,125¢BASE.PRICE (HOD)
- ALEAYS
. WORK DUKATION DAYS
oY GO 10 °‘LATE'
n *RECYCLE® LET KOTICE (mOD) =1
WORK .125 DAYS
\ IF BASE.PRICE (HOD} <= 10
) 50 TO °*SKI1p*®
3 ALUAYS
Y, LET An=S
e, LET u=2
", LET A=-.725
-8 LET B=.2527
. Lt, 300715
;' LET D=.3422
’ ’ CALL RS GIVING B,K,A,B,C AKD D YIELDING DURATION
PRINT 1 LINE MITH DURATIOR THUS
I RSSz 058, %8
NOKK DURATION DaYS
L LET GE{(noD)=1
. Ir TYPE (ROD) =1
3 LET DURATION=,25%BASE.PRICE (ROD)
8 ELSE
N LET DURATION=.125¢BLSE.PRICE (BOD)
&Y ALEAYS
; WORK DURATIOM DLYS
! *SKIP® LET PhOB.TWO.PART=1/150%BASE.PRICE (HOD)
Yy
W
S
5
B,
!
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IF RAMDOB.F(3) <= PKOB.TWO.PAKT
*SPLIT® LET PART (KOD)=1
LET DURATION = .25% BASE.PRLCE (BOD)
VORK DUEATION DAYS
ALUAYS
*LATE® IF NOTICE(rOD) = .RO
GO TO °*CHECK®
ALUATS
IF RANDOB.F(8)>=.75
GO 70 °*EST®
ALUAYS
*BREAK® IF RAEDOA.F (5)>=.9
VAIT .125 DAYS
LET DELAY=1/2% (TIAE.V-IKITIATION.TINE (ROD))
WAIT DELAY DAYS
GO TO ‘LATE®
ALUAYS
LET DUBRATION = .25 ¢ BASE.PRICE (ROD)
NAIT DURATION DAYS
IF BANDOBM.T (5)>=.75
RELINQUISE 1 STAFF-OFFICER(1)
GO TO *ACCEPT®
ALRLYS
‘RENEG®  LET KEGOTIATION.TINE = .125%BASE.PRICE (HOD)
¥AIT NEGOTIATION.TINE LAYS
IF RAMDOS.F(5)<=.8
BELINQUISE 1 STAFF.OFFICER (1)
GO TO *ACCEPT®
ALEAYS
Ir XOTICE(BOD)=.YES
GO TO °*LOOP*
ALUATS
IF BASE.PRICE (nOD)<=10
LET ISSUE.TIBE=.125
ELSE
LET ISSUL.TINE=S
ALWATS \
LET PREP.TIBE=BASE.PRICE (MOD)
LET BAGGLE=1
LET ETRA2ISSUL.TIRE4PREP.TINE+HAGGLE
LET TLCS=LEAD.TIME (POD) -TIME.V
IF TLCSCETRA
LET DECISION=.YES
ELSE
LET DECISION=.¥O
ALuAYS
IF DECISION=.YES
RELINCUISE 1 STAPF.OPFICER (1)
GO 70 °*RECYCLE®
ALMaYS
"LOOP® 1F PAKI (ROD) =0
LET PROB.TVO.PAKT = 1/150¢8ASE.PAICE (ROD)
17 RANDOB.F (4) <= PROE.TWO.PARY
RELINQUISE | STAFF-OFFICER (1)
GO TO *SPLIT®
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ALNAYS
ALWATS
Ir RANDOR.F (5)<=.8
GO TO °'RENEG®
ALUAYS
60 T0 °*DIST®
SCHECK® 1F kANDOR.P(4)<=.95
GO T0 °*BREAK®
ALUAYS
1F BASE.PRICE(MOD!'<=10
LET ISSUE.TIRE=.125
ELSE
LET ISSUE.TIBE=S
ALUAYS
LET PREP.TIRE=BASE.PRICE (BOD)
LET HAGGLE=1
LET ETRA=ISSUE.TINE+PREP.TINE+HAGSLE
LET TLCS=LEAD.TIBE(rOD)-TIKLE.V
IF TLCSCETRA
LET DECISIOMN=,YES
ELSE
LET DECISION=.MND
ALBAYS
IF DECISION=.YES
GO TO *RECYCLE®
ALUNAYS
*EST* LET GE(MOD)=1
1IF TYPE (BOD) =1
LET DURATION=,258BASE.PRICL (ROD)
ELSE
LET DURATIOMN=.125¢BASE.PRICE (BOL)
ALNAYS
WOKK DURATION DAYS
*DIST* WORK .125 DAYS
LET B=13
LET u=S
LET A=z-,725
LET B=,2529
LET C=.0775
LET D=.3422
CALL RS GIVING B,K,2,B,C AND D YIELDING DURATION
PRINT 1 LINE SITH DURATION THUS
RS6= &53, 88
WORK DURATION DAYS
*ACCEPT® IF RAKDOM.F(R)Dz.9
LET DURATION = .25 & BASE.PRICE (BHOD)
YORK DUKATION DAYS
ALSAYS
WORK .125 DAYS

RELIMQUISH 1 STAFF.OFFICER (1)

LET CYCLE.TINL = TIRE.V - 1NlITIATION.TINE(NOD)
PRINT 1 LINE WITHB BASE.PRICE(ROD), INITIATION.TINE(ROD),
TIME.Y AND CYCLE.TIRE THUS

e3¢, 08 [-2-3 -3 1] ¢80 ,80 [-1-1 3% 2

END
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ROUTINE RS GIVEN B,M,A.B,C AND D YIELDING DURATION
DEFINE H,M,2,B,C AND D AS REAL VARIABLES
LET P=RANDOB.F(})
LET DURATIOR=B+NZ(A+ (P*SC-(1-P) #%D) /b)
1F DURATIONCO
LET DURATION=D
ALRAYS
RETURN WITH DURATION
EdD
/%
//G0.SYSIN DD %
/%
//
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0'|\ :
! ] BASE.PRICE - INITIATION.TIHE TInE.V CICLE.TIRE
Wy RS1= 18.33
s BS2=  3.21%
e ES1=  3.09
RS2= 16.39
" RSS’ 3.”7
e K51z 11.34
35[ ES2=  7.91
My RS6= 18.17
ﬁﬁ ES1=  8.69
Ei as2=  3.75
RS5=  4.53
. KS3=  7.40
0y ES&=x $6.68
N .69 6.00 8.60 2.€0
I~ RS1= 10.20
'n: &SZ= 11.54
b 7.%0 8.00 11.95 3.95%
o AS1=  12.53
RS2=  5.57
o ESS5= .81
e RS1=  6.39
A RS2z  8.96
\.“' BSS= 8.60
o KSS5= 2460
8 RS1=  &.01
. RS2=  8.70 :
_ 14.33 0. 16.26 16.26
-0 BS1= 15.65
(>} RS2=  7.71
J 2 6.39 14.00 18.25 8.25
r 4.01 16.00 19.51 3.51
¢ HSS= ‘060
) 3.09 .00 22.72 20.72
w RSS5=  S.10
oy RSST  5.36
oy 30.20 10.00 26.53 16.53
. 15.65 18.00 31.67 13.67
T 11.38 4.00 37.41 33.43
1 12.53 12.00 36.88 26.88
BODEL OF CORPS OF ENGINEERS CHANGE ORDER PROCESSING
NI, PROCESSING TIME
h THE BEA¥ TIREZ TO PROCESS A CHANGE ORDER WAS 14.18 DAYS
SNV SITH A STANDARD DEVIATIOMN OF 10.17 DAYS.
{i} QUEUING INFO
A THE AVERAGE WAITING TIME FOK A CHBANGE ANAITING PROCESSING
o WAS O. DAYS.
THE HAX1BUBM NAIT ¥AS O. DAYS.
v STAFF OFFICERS VERE BUSY .06 PERCENT OF THE TIME.
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Appendix E

: Modifications Procedure Flow Chart

Introduction

o This flow chart diagrams the actual procedures used
N by the Army Corps of Engineers to process change orders.
It is annotated to show those areas where

simplifications have been made (0O'Connor 1977).
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Appendix F

Annotated Simulation Program

Introduction

53 This program is annotated to allow the reader to
compare the flow chart shown in Appendix E with the
B actual simulation program code. The numbers shown to the

- right indicate the activities being modeled.
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P

//7Ts JOE °'FF2730, - ',°CEGRAD',
/7 REGIOKN=1C24K
/%JOBPAEN LIRES=5000

// EXEC SIN93CG
//C%P.SYSIN DD ©
FREAMELE
PROCESSES INCLUDE GENERATOR
EVERY KOD HAS A BASE.PRICE
AKD A TYRE
AND 2 PROF.TINE
AND h LEAD.TIRE
AND AN IKITIATIGN.TINE
p AND A KOTICL

o e e e

! AKD A GE

) AXD A FPAET

) RESOURCES INCLUDE STAFF.OFFICER

L PEFINE EASE.PEICE AND LEAD.TINE AS REAL VAPRIABLES

: DEFINE TYPE, ROTICE, GE, AND PART AS IKNTEGER VARIABLES

DEFINE CYCLE.TINE AND INITIARTION.TINE AS PREAL VARIABLES
y ACCUMULATE AVG.CUEUE.LENGTH AS THE AVERAGE,
, BAX.QUEUE.LENGTE AS THE NAXINUN OF N.Q.STAFF.CFFICER
K. ACCURULATE UTILIZATION AS TEE AVERAGE OF N.X.STAFF.OFFICER
. TALLY MEAN.CYCLE.TIME AS THE MEAR OF CYCLE.TIKE
p TALLY SD.CYCLE.TINE AS TEE STD.DEV OF CYCLE.TILFR
: TALLY DIST(0 TO SCO BY 10) AS THE BISTOGRAL OF CYCLE.TIKE
DEFIKE .YES TC FEAN O
. DEFINE KO 70 EEAN 1
D LND
k/ MAIN
LEFINE I AS AL IRTEGER VARIAFLE
, CREATE EVERY STAFF.OFFICER(1)
LET U.STAFF.OFFICER(1)=5

' ACTIVATE A GENEEATOR NOW

START SIFULATION
Y PRINT 9 LINES WITH MEAK.CYCLE.TIME, SD.CYCLE.TINE,
; AVG.QUEVE.LENGTE, NAX.CUEUE.LENGTH AKD

\ UTILIZATION®100/0.STAFF.OFFICER(1) THUS

' MODFEL OF CORPS OF ENGIKEERS CHANGE ORDEE PEOCESSING
FROCESSIKG TIRME
THE KEAN TIKE TO PROCZSS A CHANGE ORDER WAS $2.8% DAYS
VITH A STAKDARD DEVIATIOX OF %8,3% DAYS.

. QUEUIKG INFO

\ THE AVERAGE WAXTIKG TIME FOR A CHANGE AVRITING FROCESSING
WAS %%,%% DRYS.

THE MAXIKUR WAIT FAS 20,32 DAYS. -

STAFF CFFICERS VERE BUSY $$,%2 PERCENT OF THE TICE.

! PEINT 2 LINES WITE DIST(1) THUS
CYCLE TI%b HANGE FUXBER

? <=7 s
. FOR I=2 T0 50
#RINT 1 LIKE ¢ITH 102(I-1), 1021 AND DIST(I) THUS
2% (=7¢ %3¢ &
FRIFT 1 LINE MITH DIST(S1) THUS
) <=7 <
tND
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FROC®ES GENERATOK
FOR I = 1 TO 5000
o po
; ACTIVATE A FOD KOK
‘ VAIT POISSOM.F(2.0,1) DAYS
g IF I=100
: EYSET TOTALS OF K.Q.STAFF.OFFICER, N.X.STLFF.OFPICEK AKD CYCLE.TINE
ALWAYS
. Lo0p
EXD
q PROCESS NOD
: DEFINE DECISION AS AN INTEGER VARIABLE
) LEFINE DUKATIOK, NEGOTIATION.TIMNE, AND PEORB.TWC.FAET AS PPIL VAKIABLES
DEFINE TLCS,ETRA,ISSUE.TIME,PREP.TINE AKD HAGGLE AS SEAL VARIAEBLES
IF RALLOK.F(£)<=.75
LET r=5.92
LET N=6.33
LET A=1.311
LET B=.4415
LET C=4.3993
LET D=.309
CALL RS GIVIKG M,N,A,B,C AKD D YIELDING DURATIOR
LET BASE.FRICFE (rOD)=DURATION
LET TYPE(ROD)=1
LET r=9.644
LET K=10.85
] LET a=1.577
¥ LET E=.36u4
LET €=19,983
LET D=.60731
CAllL RS GIVING M,K,A,3,C AKD D YIELDIXKG DOKATION
LET LEAD.TIBE (HOD)=DORATIOK+TINE.V
LET PROP.TIEE (KOD) =DURATION
ELSE
LET N=14.6
LET K=14.29
. LET A=.773
! LET B=.5008
t LET C=5.5245
; LET D=.85032
Y CALL PS GIVING B,K,£,B,C AXKD D YIELDIXKG DURATION
N LET BASLE.ERICE (FOD)=DURATION
LET TYPE (KOD)=2
LET 4=10.083
LET N=35.72
LPT --0381
LET B=.5732
LET C=.89€5
LET D=2.2392
CALL RS GIVIKG P ,K,2,B,C AKD D YIELDIKG DURATION
; LET LEAD.TIPE (rOD)=D98RATIOK+TIRE.V
“ LET TKOP.TINE (KNOD)=DURATION
ALVLYS
LET INITIATIOK.TIPE(NOL)=TIKE.Y
3 _LET NOTICL(rOD)=0

P,

X

Lt By

N A . AT AT
KA ‘u*"‘ﬂ O ‘n"‘nk'n "‘ul A'!‘l"‘t. AIVIGN ‘ ‘n"‘ﬂ, WS,

RSB e R R




A
1,
]
[

165

g

LET GE(MOD)=0
LET PART (ROD) =0
REQUEST 1 STAFF.OFFICER (1)
IF TYPE (ROD) =1
LET DUERATION=.25%EASE.PRICE (%0D)
FLSE 413
LET DURATION=.125%BASE.PRICE (" 0D)
ALWAYS
WORK DURATION DAYS
' KRELINGUISH 1 STAFF.OFFICER(1)
N IF BASE.PRICE (20D)<=10 1
3 LET ISSUE.TINE=.125
ELSE
LET I1SSUE.TIME=S
ALWAYS
LET PREF.TINE = BLSE.PRICE(MOD)
; LET HAGGLE = 3 414
; LET ETRA=1SSUE.TIFE+PREP.TINE+4HAGGLE
- LET TLCS=LERD.TINE (FOD)=TIFE.V
IF TLCSCETRA
LET DECISION=.YES
ELSE
LET DECISION=.NO
ALWAYS
IF DECISIOK=.YES J
g GO TO *RECYCLE®
. ALEAYS
. REGUEST 1 STAFF.OFFICER(1)
¥ORK 125 DAYS 415
3 RELIKQUISE 1 STAFF.OFFICER(1)
N IF BASE.PRICE(mOD) <= 10
GO TO *LATE®
p AL¥AYS
| LET GE(MOL)=1
- IF TYPE (MOD) =1
LET DURATION=.25%5ASE.PRICE (50D)
° ELSE
P LET DURATION=.125%BASE.PRICE (NOD)
y ALWAYS

Py
o it S g e

e

s

¥OkK DURATION DAYS
. GO TO ‘LiTE’
’ *RECYCLE® LET NCTICE (nOD)=1 9
REQUEST 1 STAFF.OFFICER(1)
WORK .125 DAYS
RELINQUISE 1 STAFF.OFFICER(1)
IF BASE.PRICE (EOD) <= 10
GO TO °SKIP*
ALWAYS
LET P=5
1ET u=2
£ LET .725
R LET p- 2527
LET €=.0775
' LET D=.3422
2 CALL RS GIVING N,K,A,B,C AKD D YIELDING DURATION
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WORK DURATION DAYS
LET GE (MOD) =1
IF TYPE (nOD) =1
LET DORATION=.25%BASE.PRICE (FOD)
ELSE
LET DURATION=.125%BASE.PRICE (%0OD
ALNAYS b22
AEQUEST 1 STAFF.OFFICER(1)
WOKK DUKATION DAYS
RELINCUISK 1 STAFF.GPFICER(1)
"SKIP' LET PEOR.TWO.PART=1/1502BASE. PRICE(FOD:}hza
IF EABDOR.F(3) <= PROB.TWO.PART
*SPLIT' LET PART(rOD)=1
LET DURATION = .25% FASE.PRICE (oD) o U24/425
%ORK DULATICK DAYS
ALWAYS
"LATE® IF NOTICE (EOD) = .NO
GO TO °*CHECK®
ALVAYS
IF RAKDOM.F (4)>=.99 430
WLIT 10 DAYS .
GO TO 'EST'
ALEAYS
EREAK® KAIT FROP.TINE(MOD) DAYS
KEQUEST 1 STAFF.OFFICEK (1)
VAIT .125 DAYS
RELINGUISE 1 STAFF.OFFICER (1)
LET DELAY=1/23 (TINE.V-IKITIATION.TIKE(rOD)) § 445
KAIT DELAY CAYS
GO 50 °*LATE'
ALVAYS
LET h=34.1
LET K=50.78
LET A=1.863
LET B=.3195 - 538
LET C=12.396
LET D=.34295 ‘
CALL BS GIVING H,K,A,B.C AKD D YIELDING DURATION
WAIT DURATION DAYS
IF RANDOM.F (5)>=.75
.GO TO °*ACCEPI® 439
ALVAYS
" REKEG* LET NEGOTIATION.TINE = .125¢BASE.PRICE (MOD)
PEQUEST 1 STAFF.OFFICEK (1) b40/Lh1
¥AIT NEGOTIRTION.TIME DAYS
RELINQU1SH 1 STAFF.OFFICER(1)
IF PAKDOB.F(5)<=.9
GO TO °*ACCEPT®
ALEAYS w42
IF MOTICE (RGD)=.YES
GO TO 'L00P°
ALWAYS
IF SASE.FKICE (HOD)<=10
LET ISSUE.TIFL=.125 443
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ELSE
LET ISSUE.TIRE=S
ALWAYS
LET PREP.TIPE=BASE.PRICE(MCD)
LET HAGGLE=1
LET ETRA=1SSUZ.TINE<PREP.TINE+HAGGLE
LET TLCS=LEAD.TIME (KOD)-TIFE.V
IF TLCSCETRA p 43
LET DECISIOK=.YES '
ELSE
LET DECISION=.KO
ALKAYS
IF DECISIOK=.YES ,
GO TO °*KECYCLE® -
ALKAYS
*LOOP* IF PART (MOD)=0 ]

LET PROB.TWO.FART = 1/150%BASE.PRICE(NOD)
1F hAKDOE.F(4) <= PROE.TWO.PART Wisly

GC TO0 ‘spL1T®

ALNAYS

ALKAYS

IF EANDOR.F(5)<=.99

GO TO °*RENEG®

ALWARYS b5

GO TO ‘pIsT®

'CEECL® IF EANLON.F (4)(=.99
GO TC °'RREAK’

ALRAYS 4u8
¥AIT 10 DAYS
IF BASL.PRICE(BOD)<=10 =
LET ISSUE.TINE=.125
ELSE
LET ISSUE.TINE=S
ALKAYS
LET PREF.TINE=BASF.PRICE(10D) ?339
LET HAGGLE=1

LET ETRKA=ISSUL.TILE¢PREP.TIRE*RAGGLE
LET TLCS=LEAD.TIRE (MOD)-TIEE.Y
IF TLCS<ETHRA
LET DLCISION=.YES
ELSE )
LET DECISIOK=.KO J
LLWAYS

IF DECISIOR=.YES

GO TO *RECYCLE®
ALMAYS

YEST' LET GE{RmOL)=1
IF TYPE (MOD) =1
LET DURATION=.25%BASE.PRICE (MOD)

ELSE 450
LET DURATION=.125¢BASE.PRICE (£.OD)
ALVAYS
KOEK LURATION TAYS
"PIST' ¥ORK .125 DAYS
LET r=13 :}"52
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T"r‘
. LET N=S
"t LET A=-.725
) LET B=.2527
o LET C=.0775 > 453
k), LET D=.3422 »
‘T? CALL RS GIVING £,N,A,B,C AND D YIELDING DURLTION
o WORK DURATION DAYS >
” *ACCEPT' IF RANDOM.F (4)>=.99 ;}“65
gyﬁ LET DUKATIOF = .25 #* BASE.FPRICE (MOD)
15 WOKK DURATION DAYS k78
05 ALEAYS
S REQUEST 1 STAFF.OFFICEE(1)
- ¥ORK .125 DRYS :} L79/466
e RELIKQUISH 1 STAFF.OFFICER(1)
pes LET CYCLE.TIME = TIVE.V - INITIATION.TILE(XOD)
T ) .
e HOUTINE RS GIVEN F,N,A,B,C ARD D YIELDING DUEATIOW
3: DEFINE M,N,A,B,C LND D AS EEAL VARIABLES
o LET P=EAKDGM.F (1)
; LET DURATION=E+N%(A+ (P£3C-(1-P)%%D) /B)
.- IF DUEATIONCO
*5: LET DURATION=0
oy ALWAYS
M) RETURN FITH DUREZTiIONR
oy EWD
i /%
M //GO.SYSIN DD %
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